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This application is a continuation-in-part of Serial 
07/965,173, filed October 23,/i992, Serial Ko. 
07/540,369, filed September 3, 1992, Serial Ko. C7/907.138, 
liled June 30, 1992 and Serial Xo. ©7/163,703, fiU* 
April 3, 1992. 

This invention relates to polypeptide* found In 
vertebrate species, vhieh polypeptide, are *itogenie ejrovth 
factors for glial cells, including Schwann celU. 
invention is also concerned vith processes capable of 
producing such factors, and the therapeutic application of 

sueh factors. 

The glial cells of vertebrates constitute the 
specialized connective tissue of the central and peripheral 
rervous systems. Important glial cells include Schwann 
cells vhieh provide metabolic support for neurons and vhieh 
provide myelin sheathing around the axons of certain 
peripheral neurons, thereby forring individual nerve fibers. 
Schwann cells support neurons and provide a .heath affect by 
forring concentric layers of nenbrane around adjacent neural 
exons, twisting as they develop around the axons. These 
ryelin sheaths are a susceptible .lament of »any nerve 
fibers, and damage to Schwann cells, or failure in growth 
end development, can be associated vith significant 
dezyelinetien or nerve deaeneratien characteristic ef a 
nuzber of peripheral nervous .y.tem diseases and disorders, 
in the development of the nervous ly.tea, it has become 
apparent that cell, require various factors to regulate 
their division and growth, and various such factor, have 
been identified in recent year., including some found to 
have an effect on Schwann* cell division or development. 
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Thus, Brock** at al., inter alii, in 
Keurcscience, £ (1584) 75-83 describe a protein growth 
factor present in extracts froa bovine brain and pituitary 
tissue, vhich vas named Glial Growth rector (G6F) • This 
S factor stimulated cultured ret Schwann cell* to divide 
against a background medium containing ten percent fatal 
calf serua. The faetor vat alto described at having a 
molecular veight ef 31,000 Daltont and at readily 
dimerizing. In Heth. 147 (1*87), 217-225, Brocket 

20 describes a Schwann cell-based astay for CGF. 

Brocket at al., aupra, alto deecribet a method of 
purification ef GGF to apparent homogeneity. In brief, one 
large-scale purification method described involves 
extraction ef the lyephilized bovine anterior lobee and 
15 chromatography ef material ebtained thereby using WaCl 

gradient elution froa CK celiuloee. Gel filtration it then 
carried out vith an tJltrogel column, followed by alution 
from a phosphoeellulose eeluan, and finally, amali-scale SDS 
gel electrophoresis. Alternatively, the Di-eeliuiote 
20 materiel vas applied directly to a phosphoeellulose eoluan, 
fractions froa the coluan vere pooled and purified by 
preparative native gel eleetrophoresie, followed by a final 
SDS gel electrophoresis. 

Broekes at al. observe that in previously reported 
25 gel filtration experiments (Brocket at al., J. Biol. Chea. 
211 (ifttD) 8374-8377), the major peak ef growth fecter 
activity vas observed to migrate vith a molecular veight ef 
56,000 Daltons. vhereas in the first ef the above-described 
p-ocefures activity vas predominantly observed at molecular 
30 veight 31,000. It it reported that the GGF diaer it largely 
removed at a result ef the gradient elution frea 
CK-cellulose in this procedure. 
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Senveniste at al. (PNXS, 12 (1*85), 3fi*&-3834) 
describe a T lyrphoeyte-derived glial growth preaoting 
factor. This factor, tinder reducing conditions, exhibits a 
change in apparent aoleeular veight cn SDS gels. 

Kiaura «t al. (Kature, 141 (1*50), 257-260) describe 
a factor they tera Sehvannoaa-derived grevth f aetor (6D6r) 
vhich is obtained frea a seiatie nerve sheath tuaor. She 
authors state that EDSF does «ot stiaulate the incorporation 
cf tritiua-lebelled Td* into cultured Schwann eells under 
conditions vhere, in contrast, partially purified pituitary 
fraction containing WF is active. SMF has an apparent 
molecular veight of between 31,000 and 35,000. 

Davis and Stroobant (J. Cell. Biol., lift (1*90), 
1353-1360) describe the screening of a nuaber of candidate 
ritogens. Rat Schwann cells vera used, the chosen candidate 
substances being exaainad for their ability to stiaulate CKA 
synthesis in the Schwann cells in the presence of 10% FCS 
(fetal calf serua), vith and without forskelin. One of the 
factors tested vas CGF-eerboxyaethyl cellulose fraction 
(GSF-CK) , vhich vas otogenic in the presence of TCS, vith 
end vithout f orsXelin. The vor* revealed that in the 
presence of forsXclin, inter alia, platelet derived growth 
factor (FDSF) vas a potent aitogen for Schwann cells, *DCF 
having previously been thought to have »o effect en Schwann 

cells* 

Holaes et al. Scienee (1*92) 111* «•» •* 

al Cell (1552) 11: 559 demonstrate that CKA sequences vhich 
encode proteins binding to a receptor (pU5« rt ") are 
associated vith several huaan tuaors. 

The pl85 ,rfcM protein is a 185 kiiodalton aeabrane 
s-anning protein vith tyrosine kinase "activity. The protein 
is encoded by the erbB2 proto-oncogene (Yerden and Ullrich 
Ann. Rev. Biochea. 11: 4« (1988)). The erbB2 gene, also 
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referred to as K£R-2 (in human cells) and aeu (In rat 
cells}, is closely related to the receptor for epidermal 
crevth factor (ECF). Recent evidence indicates that 
proteins which lnteraet vith (and activate the kinase ef) 
5 pl65 ,?fc " induce proliferation in the eells bearing pUS*™ 2 
(Holmes et al. Science iio$ (1992); Bobashi et al. 
Trot. Katl. Acad. Sei. £1: 1562 (1991)1 Lupu et al. Free. 
Katl. Acad. Sei. ££: 2267 (1992)). Furthermore, it is 
evident that the gene encoding pl85 ,rbl2 binding protein* 

10 produces a Durbar ef variably a iced, differentially-spliced 
RKA transcripts that give rise to a series ef proteins, 
vhich are of different lengths and eontain some common 
peptide sequences and some unique peptide sequences. This 
is supported by the differentialiy-splieed *KA transcripts 

25 recoverable from human breast cancer (KBA-XB-231) (Holmes et 
al. Science His 1205 (1992) ). Further support derives 
frcm the vide size range ef proteins vhich act as (as 
disclosed herein) ligands for the plE5 trbM receptor (see 
belov). 

In general the invention provides methods for 
stimulating glial cell (in particular, Schwann cell and glia 
cf the central nervous system) mite-genesis, as veil as new 
proteins exhibiting such glial cell mitogenic activity. 2n 
25 addition, DKA encoding these proteins and antibodies vhieh 
bind these and related proteins are provided. 

The novel proteins ef the invention include 
alternative splicing products ef sequences encoding Xnovn 
polypeptides. Generally, these Jtnovn proteins are members 
30 ef the OCF/p«5 Brfc " family ef proteins. 
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Specificity, the invention provides ^lypeptides of 
a specified f orrule, and DNX Aeguenees aneoding thOAe 
polypeptides. The polypeptides have the forauU 

vrex*ex 

vherein mxscx i« composed ef the Arino acid 
Ae?uenees shovn in Tigure 31 (SEfi ID Bos. 136-139. 141-147, 
160, 161)1 vherein V comprises the polypeptide Aegaent T$ cr 
is Absent; vherein ¥ eomprises the polypeptide •egotnt X, cr 
is Absent; vherein X comprises the polypeptide aegeAnt C er 
is Absent; And vherein X eomprises the polypeptide segments 
C/D KKL, C/D B, C/D XL, C/D D, C/D' EL, C/D' KKL, C/D' B, 
C/D' D, C/D C/D' BKL, C/D C/D' B, C/D C/D' EL, C/D C/D' D. 
C/D D' H, C/D »' SL, C/D D' BKL, C/D' D' B, C/D' t>' BL,C/D' 
D' KKL, C/D C/D' *' B, C/D C/D' D' BL, ©r C/D C/D' X>' BKL; 
provided that, Aither 

a) At least one ef T$ 1. B, A, X. C, er X is ef 

kovine origin; er 

b) Y comprises the polypeptide segment X; er 

c) x comprises the polypeptide Aegments C/D BKL, C/D 
D C/D' KKL# C/D C/D' BKL, C/D C/D' D. C/D D' B, C/D X>' BL, 
C/D D^ ». C/D' • • B, C/D' D' KKL, C/D C/D' »' B, C/D C/D' 
»' KL, C/D C/D' D' BKL, C/D'H, C/D C/D'H, er C/D C/D' BL. 

in addition, the invention includes the DKX .e^ence 
comprising coding segments « W a. veil as the vith 
corresponding polypeptide .events having the a* no Acid 
ser.ences shovn in rigur. 31 («Q » »os. 136. 138. 139). 

the DKX sequence comprising the coding segsente 
i rsx''' as veil as the corresponding polypeptide aegmentA 
having the amino acid eeguences shovn in Figure 31 (SW XD 

K " 13 the'V^Ve^enoe comprising the cofiing eeg*enta 
S'ruBA 3 ' as veil as the corresponding polypeptide segrenta 
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having the arino acid sequences shown in ri*ire 31 (SSQ XD 

the DKA sequence eerprising the coding segments 
»'rrBA'»' a* veil as the corresponding polypeptide 
having the wine acid sequence* shown in ?igur« COT » 
Kos. 136-138. 140) f and . 

the DKA sequence comprising the polypeptide coding . 
• events of the GGF2KBS5 cDKA clone (XTCC Deposit Ho. 
deposited September 2, 1992). 

The invention further includes peptides of 
icrxule TBA, TOA, TBA' TEBA' and DKA ..guences 
ZZl peptides vherein the polypeptide .events correspond 
*o ezino aoid sequences shown in Figure 31, MB ID Kos. 

ca ,e, 13S and 13*). iu«»rt md C»f. »• *** 
and 140) respectively. The purified 0BF-2X 

ir ' Ve ^r included as an aspect of the Mention are 
Te -*ides and DKA encoding such peptides vhich are useful for 

treatrent of «1U and in particular cligoiendrocytes, 
^cro lie "nd astrocytes, or the central nervous ayste* and 
for the administration cf these peptides. 

Mention t» ~~» ~ 

£ll The invention further i»cl*M th»M ^-d. vhieh 

' , V idet A«rib.4 herein, in .*««.». utiMtM to 

" V c/lh. p Pti«e ...crib.* herein »y he th. 
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antibodies to At polypeptides »ay also ^tAei for the 
therapeutic inWbitien ef glial cell ritogeneei*. 

The invention further provides e sethod for 
stimulating glial cell sitogenesie cosprising contacting 
S glial cells vith a polypeptide defined toy the f omul a 

VYBX2CX 

vherein VYEX2CX it eosposed of the polypeptide 
eegrents shown in Figure 31 (5EQ ZD Eos. 136-139, 141-147, 
160, 161) J vherein V eorprises the polypeptide segaent T, er 

10 is absent vherein Y eorprises the polypeptide segment Z, er 
is absent; vherein 2 eorprises the polypeptide segaent C er 
is absent; and vherein X eorprises the polypeptide segaent 
C/D KKL, C/D E, e/D EL, C/D D, C/D' EL, C/D' EKL, C/D' E, 
C/D' D, C/D C/D' Kia, C/D C/D' B, C/D C/D' EL, C/D C/D' », 

15 C/D D' H, C/D D' EL, C/D D' EKL, C/D' D' E, C/D' ©' EL, C/D' . 
D' EKL, C/D C/D' D' H, C/D C/D' D' EL, or C/D C/D' ©' EKL. 

The invention also includes a sethod for the 
preparation of a glial cell sitegenie factor which eonsist 
of culturing modified host cells as defined above under 

20 conditions permitting expression of the DKA sequences ef the 
invention. 

The peptides ef the invention ean be used to aaXe a 
pharmaceutical er veterinary formulation for pharmaceutical 
er veterinary use. Optionally, the f emulation Bay be used 

25 together vith an acceptable diluent, carrier or exeipient 
and/or in unit dosage for*. 

A method fer stieulating mitogenesis ef a glial eall 
by contacting the glial eell vith a polypeptide defined 
above as a glial eell sitogen in vivo or in vitro it alee en 

30 aspect ef the invention. A aethod for producing e glial 
cell ritogenie effect in a vertebrate (preferably e mammal, 
rcre preferably a huran) by administering an effective 




arount cf a polypeptide as defined is also a component of 
the invention. 

Kethods for treatoent ef diseases and disorders 
using the polypeptides described are also a part ef the 
5 invention. Tor instance, a method cf treatment er 
prophylaxis for a nervous disease or disorder ean be 
effected vith the polypeptides described. Also included are 
a method for the prophylaxis er treatment of a 
pathophysiological condition ef the nervous system In vhieh 
10 a cell type is Involved vhieh is sensitive er responsive to 
a polypeptide as defined are a part ef the invention. 

Included in the invention as veil, are methods for 
treatrent vhen the condition involves peripheral nerve 
damage; nerve damage in the central nervous system; 
i5 neurodegenerative disorders; desyelination in peripheral er 
central nervous system; er damage er less ef Schwann eells 
oligodendrocytes, microglia, er astrocytes. For example a 
neuropathy ef sensory er motor nerve fibers; er the 
treatrent ef a neurodegenerative disorder are included. In 
20 any of these cases, treatment consists ef administering an 
effective asount ef the polypeptide. 

The invention also includes a method for inducing 
neural regeneration and/or repair by edministering an 
effective asount ef a polypeptide as defined above. Sueh a 
25 medicament is made by administering the polypeptide vith a 
pbarmaeeutieally effective carrier. 

The invention includes the use ef a polypeptide as 
defined above in the manufacture ef a medieamant. 

The invention further includes the use ef a 
30 polypeptide as defined above 

-to ins unite a mammal for producing antibodies, 
vhieh can optionally be used for therapeutic or diagnostic. ■ 
purposes 



-in a corpetitive testy to identify or quantify 
molecules having receptor binding characteristics 
corresponding to those of the polypeptide? end/or 

•for contacting a sample vith a polypeptide! as 
mentioned above, along vith a receptor capable of binding 
specifically to the polypeptide for the purpose of detecting 
corpetitive inhibition of binding to the polypeptide. 

-in an affinity isolation process, optionally 
affinity ehreaatcgrephy, for the separation of a 
corresponding receptor* 

The invention also includes a method for the 
prophylaxis or treatment of a glial tuaor. This method 
consists of adrinistering an affeetive aaount of a substance 
vhieh inhibits the binding of a factor as defined by the 
peptides above. • 

Furthermore, the invention includes a method of 
stimulating glial cell mitogenic activity by the application 

to the glial cell of a 

-30 kD polypeptide factor isolated from the KDA - KB 

231 human breast cell line; or 

-35 Xt> polypeptide feetor isolated froa the rat X-EJ 
transformed fibroblast' cell line to the glial cell or 

-75 kD polypeptide factor isolated froa the SKBR-3 

hur.tr> breast cell line; or 

•44 tt> polypeptide fector isolated froa the rat X-EJ 
transformed fibroblast cell line; or 

-25kD polypeptide factor isolated froa activated 
mouse peritoneal macrophages; or 

-45 W) polypeptide factor isolated froa the KDX — KB 

231 human breast cellf or 

-7 to 14 polypeptide factor isolated froa the 
XTL-2 human T-cell line to the glial cellf or 



-25 kD polypeptide factor isolated froa the bovine 

Xidney cells; or 

-42 XD polypeptide factor (ARIA) isolated froa 

brains. 

The invention further includes a aethod for the use 
ef the rGFLi, SGFL2, £GFL9« IGFI4, EGTW, *GFL6 
polypeptides, figure SB to 43 and Slfi I© *** *° 1M ' 
respectively, for the stieuletien ef glial cell »itogenesis 
fr, vivo and ?r> vitro. 

Also included in the invention is the adainistratien 
cf the WF-XX polypeptide vhose sequence is ahovn in Figure 
45 for the stieulation ef glial eell ftitegenesis. 

An additional aspect ef the invention includes the 
use ef the above-referenced peptides for the purpose ef 
stimulating Schvann eells to produce grovth factors vhieh 
ray, in turn, be harvested for scientific er therapeutic 



use. 



rurtheraore, the peptides described herein say be 
used to infiuce central glial proliferation and reryelinetien 
for treatment ef diseases, e.g.. KS, vhere re-ay el inetien is 

desired. ^ , 

In en additional aspect ef the invention, the novel 

polypeptides described herein «y be used to stinulate the 
synthesis ef acetylcholine receptors. 

As rentioned above, the invention provides new glial 
grovth factors frba aaaaelien sourees, including bovine and 
huaan, vhich are distinguished froa knovn factors. These 
factors are Otogenic lor Schvann c.lis against a background 
of fetal calf plasaa (rCP). The invention also provides 
processes for the preparation ef these factors, and an 
i^roved aethod for defining activity ef these and ether 
factors. Therapeutic application ef the factors it a 
further significant aspect ef the invention. 
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Thus, irportant aspects cf the invention are: 
(e) e basic polypeptide factor having glial cell 
cit ©genie activity « sore specif ieally, Schwann cell 
ritogenic activity in the presence of fetel calf plana, a 
rolecul&r weight ef frea about 30 JcD to about 96 JcD, and 
including within its aaino aeid sequence any one er aore ef 
the fol loving peptide sequences: 

7XCDAB9S C$c<k >p «o-. j) 

7ITSSS6LX1K (s<^ (i) Z5; 

TTEKAStQGA csafe i J "U; 
AXEALAALX CSefc id MO;^; 

F VLQHK (5e$ iD/vlo:-2gj 

XTQFDFGQIXXXVPtiVieAYT ilNo: a. 

nxeixrxvrxxATV mos* id 12-7; 

X L I F L X A X; and cs^tf '0 uo-'Z*>> 

(b) a basic polypeptide factor which stirulates 
glial cell ritogenesis, particularly the division of Schwann 
cells, in the presence ef fetal calf plessa, has a solecular 
weight of fros about 55 JcD to about €3 XD, and including 
within its arino acid sequence any one or »ore ef the 
following peptide sequences: 

VHQVKAAK Csaa id moi^s} 
YXFrKSFEAXSSC &etk »D 1*0: uu; 

V F V V ! I C X 0<H& M>*o\q$) 
ASPVfVCSVQIiCX Cse& ^E> njo-.^ j 
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The novel peptide stances »et out above, derived 
fros the ssaller aoleoular veight polypeptide factor, and 

10 froc the larger molecular veight polypeptide factor, are 
also aspects of this Invention in their evn right. These 
sequences are useful as probe sources for polypeptide 
factors of the Invention, for investigating, isolating er 
preparing such feetors (or corresponding gene sequences) 

25 frcr a range cf different species, or preparing sueh feetors 
by recombinant technology, and in the generation ef 
corresponding antibodies, by conventional technologies, 
preferably zonoelonal antibodies, vhieh are thccselves 
useful investigative tools end are possible therapeutics. 

20 The invention also includes an isoleted glial cell sitogenic 
activity encoding gene sequence, er fregsent thereof, 
ebtainable by the methods set cut above for the novel 
peptide sequences ef the invention. 

The availability ef short peptides fros the highly 

25 purified factors ef the invention has enabled additional 
sequences to be determined (see Cxarples to follow). 

Thus, the invention further embraces a polypeptide 
factor having glial cell titogenic activity and including an 
amino acid seguenee anooded by: 

30 (a) a DKA seguenee shovn in any ene of Figures 28a, 

2Eb or 28e, ESQ ID Kos. 133-135, respectively! 



(b) a DNA aeguenee ahovn in Figure 22, SEC ID Ho. 

(c) the DKA sequence represented by nucleotide* 
2S1-557 of the *e?uenee ahown in figure 28a, SEQ XD »©. «>J 
er 

(d) a DKA sequence hybridiiable to any ©ne of the 
X>KA sequences according to (a), (b) er (c). 

The invention further includes eeguenees whieb have 
greater than 60%, preferably SOI, aeguenee identity of 
horology to the *eguenees indieatad above. 

Khile the present invantion it not limited to ft 
particular tet of hybridisation conditions, the following 
protocol gives general guidance vhieh »ay, if desirad, he 
followed: 

DKA probes aay be labelled to high specific activity 
(apprexirately 10« to 10» J2 Pdap/**g) by nieX-trenslation or 
by PCR reactions according to Sehowalter and Soaaer (Anal. 
Siochea., 177:90-94, 1989) and purified by desalting en 
G-150 Sephadex eoluans. Probes aay be denatured (10 ainutes 
in boiling water followed by iaaersion into iee vatar) , then 
aided to hybridization aelutions of 801 buffar B (2g 
polyvinylpyrolidint, 2g Pieoll-400, 2g bovine serua albumin, 
SOtl 1 K Trie HCL (P* 7.5), SSg KaCl, lg aodiua 
pyrophosphate, lOg aodiua dodecyl sulfate, 950al H a O) 
containing 10% dextran eulfate at 10 f dpa J *P per al and 
incubated overnight (epproxiaately 16 hour*) at «0*C. The 
filters cay then be vashed at 60'C, first in buffer S for 15 
rinutes followed by three 20-ainute washes in 2X SSC, 0.1% 
SDS then ©ne for 20 sinutas in ix SSC, 0.11 SDS. 

Zn other respect*', the invention provides: 
(a) a basic polypeptide factor whieh has, if 
obtained froa bovine pituitary aaterial, an observad 
rolecular weight, whether in reducing condition* or not, ©f 
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fros about 30XD to about 36fcD en EDS-polyecryleaide gel 
electrophoresis using the folloving solecular veight 



stendards: 

Xysozyae (ben egg vhite) • 14,400 

Soybean trypsin inhibitor 21,500 

Cerbonie anhydrase (bovine) 31,000 

Oval burin (hen egg vhite) 45,000 

Bovine aerua albuain €6,200 
Phosphorylase £ (rabbit susele) 97,400; 



vhich factor has glial eell titogenie activity including 
stimulating the division ef rat Schwann cells in the 
presence ef fetal calf plassa, and vhen isolated using 
reversed-phese BFLC retains at least 501 ef said activity 
after 10 veeks incubation in 0.1% trifluoroacetic acid at 
4*C; and 

(b) a basic polypeptide factor vhieh has, if 
obtained fros bovine pituitary saterial, an observed 
rolecular veight, under non-reducing conditions, ef frea 
about 55 tt> to about 63 kD en SDS-polyaerylaride gel 
electrophoresis using the following aolecular veight 
standards: 



lysczyae (hen agg vhite) 14,400 

Soybean trypsin inhibitor 21,500 

Carbonic anhydrase (bovine) 31,000 

Ovalbumin (ban agg vhite) 45,000 

Bovine serua albuain €6,200 



Fhesphorylase B (rabbit susele) «7 , 4 00 f 

vhich factor the huaan equivalent ef vhich is aneoded by ©KA 
clone GGF2HBS5 described herein and vhich factor has glial 
cell citogenic activity including sticulating the division 
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cf rat Schwann cell* in the presence of fetal calf plesaa, 
ana vhen isolated using reversed-phase KPLC retains at least 
$o* of the activity after 4 days incubation in 0.1% 
trifluoroaeetie acid at 4*C* 

For convenience of description only, the levar 
molecular veight and higher molecular veight factors of this 
invention are referred to hereafter as •GCF-I" and •GCF-XX", 
respectively. The »6Gri« designation is used for all clones 
isolated vith peptide sequence data derived froa OGF-JI 
protein (i.a., GSF2EBS5, CGF2BPF3) • 

It vill be appreciated that the molecular veight 
range lizits quoted are not axeet, but are subject to alight 
variations depending upon the aource ef the particular 
polypeptide factor. A variation ef , aay, about 101 vould 
r,ot, for example) be iapessible for aaterial froa another 
source. 

mother irportant aspect cf the invention is a Wk 
sequence eroding a polypeptide having glial cell otogenic 
activity and corprising: 

(a) a BKA sequence shewn in any one ef Figures 28a, 

2Eb cr 28c, SEQ 2D Kos. 133-135: 

(b) a DNA sequence shoyn in Figure 22, Elfi ID Ho. 

E 9 • 

(c) the DKA sequence represented by nucleotides 
261-557 of the sequence shown in Figure 28a, SEfi ID Ho. 133; 

Cr (d) a DKA sequence hybriditabie to any one ef the 
SKA sequences according to (a), (b) er (c). 

Another aspect ef the present invention uses the 
fact that the Glial Growth Factors and p!85» rt " ligand 
p oteins are ancoded by the saae gena. A variety ef 
revenger RKA splicing variants (and their resultant 
proteins) are derived froa this gene and aany ef these 
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product* show pies*'*" binding and activation. Several of 
the (CSF-IX) gene products have been used to show Schwann 
cell ritogenic activity. This invention provides a use for 
all of the known products of the GCF/plB5 trM2 ligand gene 
5 (described in the references listed above) as Schwann cell 
ritogens. 

This invention also relates to other, »ot yat 
naturally isolated tplicing variants ©f the Glial Crevth 
factor gene. Figure 30, ahovs the known patterns of splieing 

10 derived froo pcly&erese ehain reaction experiments (on 
reverse transcribed *NA) and analysis ©f et>KA clones (as 
presented vithin) and derived frea vhat has been published 
as sequences encoding pis5 ,rM2 ligands (Peles at al., Cell 
£1:205 (1992) and Ken at al., Cell &±:SSi (1992)). These 

15 patterns, as veil as additional ones disclosed herein, 
represent probable splicing variants vhich exist. -Thus 
another aspect of the present invention relates to the 
nucleotide sequences encoding novel protein factors derived 
fros this gene. The invention also provides processes for 

20 the preparation of these factors. Therapeutic application 
of these new factors is a further aspect of the invention. 

Thus other important aspects of the invention are : 

(a) A series of fcusen and bovine polypeptide 
factors having glial eell sitogenie activity including 

25 stiru latins the division of Schwann cells. These peptide 
sequences are shown in Figures 31, 32, 33 and 34, SEQ XD 
Kos. 136-137, respectively. 

(b) A series of polypeptide factors having glial 
cell ritogenic activity including stisulating the division 

30 cf Schwann cells and purified and characterised according to 
the procedures outlined by Lupu et al. Science 2<9 ; 1552 
(1990); Lupu et al. Free. Keti. Acad. Sei VSk ££: .2217 
(1992); Kolces et al. Science 2i£: 1205 (1992); Peles at al. 
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Hi 205 (l992)^*arden end F <lu Bioch trig try IjD.: 3543 
(1SS1); Dobashi at al. Free. Hatl. Acad. Sei. Hz t582 
(15S1); Davis tt al. Biocheo. Biephys. Res. Cocaun. 121: 
1536 (1551); Beaunont at al., patent Application 
5 FC?/us*i/034«3 C"50) | Greene tt al. patent application 
Frx/US9i/0233i (1990) j Vs din and Fisehbaeh, J. Call. Biol. 
103:453-507 (1986) f Fells at al.. Cold Spring Harbor Byap. . 
Quant. Biol. 55:397*406 (1990) j Karris at al., Free. Katl. 
Acad. Bci. USA S8:?664-?668 (1991)1 and Falls at al., coll 

10 72:801-815 (1993). 

(e) A polypeptide factor (GSr&??5) having glial 
cell aitogenie oetivity including stimulating the division 
ef fiehvann eells. The atino acid sequence is ahovn in 
Figure 32, s£Q ID Ko. 148, and is encoded by the bovine SKA 

15 sequence ahevn in Figure 32, STB ID Ko. 148. 

The novel busan peptide sequences described above 
and presented in Figures 31, 32, 33 and 34, 6£Q ZD Kos. 136* 
150, respectively, represent t series ef splicing variants 
vhich can be isolated as full length eocplesentary DKAs 

20 (cDKAs) fros natural sources (cDKA libraries prepared from 
the appropriate tissues) or ean be esse&bled as DKA 
constructs vith individual axons (e.g., derived as separate 
axons) by soseone skilled in the art. 

Other c expounds in particular, peptides, vhich bind 

25 specifically to the pl85 ,rbM receptor ean also be used 
according to the Invention as a glial eell mitogen. A 
candidate cozpound can be routinely screened for plB5* rbI2 
binding, and, if it binds, ean then be screened for glial 
eell citogenie activity using the methods described herein. 

30 The Invention includes any codifications or 

equivalents ef the above polypeptide factors vhich do not 
exhibit a significantly reduced activity. For exanple, 
rofifi cations in vhich asino acid content or sequence is 
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altered without substantially adversely affecting activity 
are included. By way cf illustration, in £F-A 10*748 
rotations of native protein* are disclosed in whieh the 
possibility ©f unvested disulfide bonding is avoided by . 
replacing any cysteine in the native sequence which is not 
necessary for biological activity with a neutral amino acid. 
The statements ef affect and use eentained herein axa 
therefore to be construed accordingly, with »ueh uses and 
effects employing sodified or equivalent factors being part 
cf the invention. 

The new sequences of the invention open up the 
benefits ef recombinant technology. The invention thus also 
includes the following aspects: 

(a) BKA constructs comprising ©KA sequences as 
defined above in operable reading frame position within 
vectors (positioned relative to control sequences so as to 
permit expression cf the sequences) in chosen host eells 
after transformation thereof by the constructs (preferably 
the control sequence includes regulatable promoters, e.g. 
Trp) . It will be appreciated that the selection ef a 
promoter and regulatory sequences (if any) are natters ef 
choice for those of sXill in the art; 

(b) host cells modified by incorporating constructs 
as defined in (e) immediately above so that said DKA 
sequences nay be expressed in said host cells - the choiee 
of host is not critical, and chosen cells nay be proXaryotic 
cr euXeryotie and say be genetically modified to incorporate 
said constructs by nethods known in the art? and, 

(c) a process for the preparation cf factors as 
defined above comprising cultivating the modified host cells 
under conditions pemitting expression ef the OKA sequences. 
These conditions can be readily determined, for any 
particular embodiment, by those ef sXill in the art ef 
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recombinant DKr^eehnolegy. Glial cell mitogens prepared by 
this ceans arc included in the present invention. 

Hone of the factors described in the art has the 
combination cf characteristics possessed by the present new 
polypeptide factors. 

As indicated, the Sehvann cell assay used to 
characterise the present factors espleys a background ef 
fetal calf plasna. Zn all other respeets, the assay can be 
the case as that described by BroeXes at al. In Keth* Zm., 
supra, but vith 101 TCB replacing 101 rCS. This difference 
In assay techniques is significant* since the absence ef 
platelet-derived faetors in fetal calf plas&a (as opposed to 
serum) enables a sore rigorous definition of activity en 
Schwann eells by alirinating potentially spurious affects 
from sore other faetors. 

The invention also includes a process for the 
preparation ef a polypeptide as defined above, extracting 
vertebrate brain material to obtain protein, subjecting the 
resulting extract to chromatographic purification by 
hydroxylepatite KPLC and then subjecting these fractions to 
SDS-polyaerylamide gel electrophoresis. The fraction vhieh 
hts an observed colecular veight ef about 30XD to 36 JcD 
end/or the fraction which has an observed molecular veight 
cf about 55XD to 63 XX» is collected. Zn either ease, the 
fraction is subjected to SDS-polyaeryleride gel 
electrophoresis using the following molecular veight 
standards: 



Lysozyse (hen egg vhite) 
Soybean trypsin inhibitor 



14,400 
21,500 
31,000 
45,000 
€6,200 
57,400 



Carbonic anhydrese (bovine) 



Ovelbumin (hen egg vhite) 
Bovine serua albusin 



Phosphorylase B (rabbit muscle) 
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in the case of the smeller soleeuler veight fraction, the 
SDS-pclyecrylemide gel Is run in r»on-redueing conditions In 
reiucing conditions or, and in the case ef the larger 
molecular weight fraction the gel is run under »on-redueing 
conditions. The fractions are then tested for activity 
stimulating the division ef rat Schwann cells against a 
background ef fetal calf plasma. 

Preferably, the above process atarts by isolating a 
relevant fraction ebteined by eerboxymethyl cellulose 
chromatography, a.g. from bovine pituitary material. It ie 
also preferred that fcydxexylapatite EPLC, cation exchange 
chromatography, ©el filtration, and/or reversed-phase KPLC 
be employed prior to the SDS-Polyeerylamide gel 
©leetrephoresis. At each stage in the process, activity »ay 
be determined using Schwann cell incorporation ©f 
radioactive iododeoxyuridine as a measure in an assay 
generally as described by Broekes in Keth. Enr., supra, but 
modified by substituting 101 TCP for 101 FCS. As already . 
noted, such as assay is an aspect ef the invention in its 
evn substance for CHS er PKS ©ell, e.g. Schwann ©ell, 
ritogenie effects. 

Thus, the invention also includes an assay for glial 
cell mitogenie activity in vhich a background ©f fetal calf 
plasma is employed against vhich to assess DKX synthesis in 
glial cells stimulated (if at ail) by a substance under 
assay. 

Another espect of the invention is e pharmaceutical 
cr veterinary formulation 'comprising any factor as defined 
above formulated for pharmaceutical ©r veterinary use, 
respectively, optionally together vith an acceptable 
diluent, carrier er excipient and/or in unit dosage form. 
In using the factors ef the invention, conventional 



phameeeutieei or veterinary predict Bay be erpleyad to 
provide suitable fomulatiens er compositions. 

Thus, the f emulation* of this invention can be 
applied to parenteral administration, for example, 
intravenous, subcutaneous, intramuscular, intraorbital, 
epthalmic, intraventricular, intracranial, intra capsular, 
intraspinal, intraeisteraal, intraperitoneal, topieal, 
intranasal, aerosol, scarification, and also eral, bueeal, 
rectal er vaginal administration* 

The formulations ef this invention *ay also be 
administered by the transplantation into the patient ef host 
cells expressing the SKA ef the instant invention er by the 
use of surgical ixplants vhieh release the f emulations ef 

the invention. 

parenteral f emulations *ay be in the f em ef liguid 
sclutions or suspensions? for eral administration, 
f emulations ray be in the fern of tablets er capsules; and 
fcr intranasal fomulatiens, in the fern ef powders, nasal 
drops, or aerosols. 

Ketheds veil known in the art for saXing 
fomulatiens are to be found in, for txazple, "Remington's 
Pharmaceutical Sciences." Formulations for parenteral 
administration say, for txasple, eontain as excipients 
sterile veter or saline, pelyalkylene glycols such as 
polyethylene glyeel, eiis ef vegetable erigin, or 
fcydregenated naphthalenes, biocompatible, biodegradable 
lactide polymer, er polyexyethylene-polyoxypropyiene 
copolymers ray be used to control the release ef the present 
factors. Other potentially useful parenteral delivery 
systems for the factors include athylene-vinyl acetate 
copolymer partieies, osmetic pumps, implantable infusien 
systems, and liposomes, remulations for inhalation »ay 
contain as excipiants, for example, lactose, er ray be 
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aqueous solutions containing, for example, 
polyoxyethylene-s-lauryl ether, Blyeoeholete and 
deoxychelete, er cay be eily solutions for administration in 
the fore cf nasal drops, er as a 9*1 *e fee applied 
intranasally. formulations for parenteral administratien 
ray also include elyeochelate for bueeal administration, 
rethoxysalieylate for rectal administration, er citric acid 
for vaginal administration* 

The present f aeters ean be used as the aole active 
agents, er can be used in combination vith ether active 
ingredients, e.g., ether grovth factors vhieh could 
facilitate neuronal aurvivai in neurological diseases, or 
peptidase er protease inhibitors. 

The concentration ef the present factors in the 
formulations of the invention will vary depending upon a 
number of issues) including the dosage to be administered, 
end the route of administration. 

In general terms, the faetors ef this invention cay 
be provided in an aqueous physiological buffer solution 
containing about C.l to 101 v/v compound for parenteral 
edz inistration. General dose ranges are from about 1 cg/kg 
to about 1 g/kg ef body veight per day? a preferred dose 
range is from about 0.01 cg/kg to 100 cg/kg ef body veight 
par day. The preferred dosage to be administered is likely 
to depend upon the type and extent ef progression ef the 
pathophysiological condition being addressed, the everall 
health cf the patient, the cake up ef the formulation, and 
the route ef administration. 

As indicated above, Schwann eells (the glial cells 
cf the peripheral nervous system) are* stimulated to divide 
in the presence ef the factors ef the invention. Schvann 
cells ef the peripheral -nervous system are involved in 
supporting neurons and in creating the cyelin sheath around 
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individual nerve fiber*. This sheath is important for 
proper conduction of eleetrieel impulses to muscles and from 

aensory receptors. 

There ere a -variety of peripheral neuropathies in* 
5 vhich Schwann cells and nerve fibers are damaged, either 
primarily or secondarily. "There art aeny neuropathlas of 
fcoth sensory and motor fibers (Adams and Victor. Principles 
of neurology) . The most important of those neuropathlas are 
probably the neuropathies associates vlth diabetes, multiple 
10 sclerosis. I*ndry-©uillein-*err •yndrome, neuropathies 
caused by carcinoses, and neuropathies caused fey toxic 
agents (sore of vhich are used to treat carcinomas). 

The invention, however, envisages treatment or 
prophylaxis of conditions vhere nervous system damage has 
i5 been brought about by any basic ceuse. e.g. infection or 

injury. Thus, in addition to use of the present fectors in 
the treatment of disorders or diseases of the nervous system 
vhere ceryelinatien or less of Schwann eells is present, 
such gliel growth fectors can be valuable in the treatment 
20 of disorders of the nervous system that have been ceused by 
damage to the peripheral nerves, following damage to 
peripheral nerves, the regeneration process is led by the 
tjrovth or the re-e.teblishment of Schwann cells, followed by 
the edvancement of the nerve fibre back to it. target. By 
speeding up the division of Schwann cells on. could promote 
the regenerative process following damage. 

Similar approaches could be used to treat injuries 
cr neurodegenerative disease of the central nervous aystem 

(brain and spinal cord). 

Furthermore, there are a variety of tumors of glUl 
cells the most common of vhlch is probably 
ft.urofibroft.toiU. vhich is t patchy small tumor creet.d by 
overgrowth of glial cells. Also, it ha. been found that an 
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activity very such like GGF can be found in acme Schwann 
cell tumors, and therefore inhibitor* ef the action of the 
present f aetors on their receptor* provides a therapy of • 
9 lial tumor, vhich eosprises administering an affective . 

5 amount of a aubstanee vhieh inhibits the binding ©f a 
factor, as defined above, to a receptor. 

In general, the invention includes the use of 
present polypeptide factors in the prophylaxis or treatment 
cf any pathophysiological condition of the nervous ayttea in 

10 vhich a factor-tens itive or lector-responsive cell type it 

involved. . 

The polypeptide factor* of the invention can aiao be 
used as immunogan* for making antibodies, tuch as monoclonal 
antibodies, following standard techniques. Such antibodie. 
15 are included vithin the present invention. These antibodies 
can, in turn, be used for therapeutic or diagnostic 
Purposes. Thus, condition, perhaps associated vith abnormal 
levels of the factor may be tracked by using tuch 
antibodies. In Xiir* techniques can be used, alloying 
20 assays on isolated .ample, using standard methods. Imaging 
rethois in vhich the antibodies are, for example, tegged 
vith radioactive isotopes vhich can be imaged outside the 
boiy using techniques for the art cf tumour imaging may al.o 
be erployed. 

The invention also includes the general use of the 
present factor* as glial cell mitogens in XiXS. or in yiiift, 
and the factor* for tuch use. One .pacific embodiment it 
thus a method for prooucing a glial cell mitogenic effect in 
a vertebrate by administering an effective amount ef a 
factor of the invention. A preferred embodiment it tuch a 
rethod in the treatment or prophylaxis of a nervous ty.tam 
disease or disorder. 
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A f urthe^^eneral aspect ef the inven^en it the »se 
cf a factor of the invention in the manufacture ef a 
medicament, preferably for the treatment ef e nervous 
disease er disorder* er for neural regeneration or repair* 

5 Also included In the invention are the use ef the 

factors ef the invention in eorpetitive assays to identify 
c'r quantify moleeules having receptor binding 
characteristics corresponding to those of said polypeptides. 
The polypeptides tay be labelled, optionally vith a 

20 radioisotope. A eorpetitive essay can identify hoth 
antagonists and agonists ef the relevant receptor. 

In another aspect, the invention provides the use ef 
each ene ef the factors ef the invention in an affinity 
isolation process, optionally affinity chromatography, for 

3.5 the separation ef a respective corresponding receptor. Such 
processes for the isolation ef receptors corresponding to 
particular proteins are Jcnovn in the art, and a number ef 
techniques are available and can be applied to the fectors 
cf the present invention, for example, in relation to XL-6 

20 and IFNy the reader is referred to Hoviefc, fc.f at al., J. 
Chromategr. (1990) lift: 331-7. Kith respect to gonadotropin 
releasing hormone reference is made to Harua, E., J. (1990) 
Chroratogr. £i£:233-8. In relation to C-CSF reference is 
made to FuXunaga, at al., J. Biol. Chea., 211:13386-90. 

25 In relation to IL-2 reference is made to Smart, 3.Z., at 
al., (1990) J. Invest. Dermatol., ££:158S-If 36, and in 
relation to human XFK-.gamma reference is made to Stefanos, 
S, £1 ll-i (19e9) J. Interferon Res., «.:719-30. 

Y T lff pgeerj ptlpn of the Pravinos 
30 The drawings vill first be described. 

pravincs 
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Figures 1 to 8 relate to Example 1, and are briefly 

described below: 

Fig. l is the profile for product from carboxymethyl 
cellulose- chromatography; 
5 Fig. 2 is the profile for product from 

hydroxylapatite HPLC; 

Fig. 3 is the profile for product from Mono 5 FPLC; 

Fig. 4 is the profile for product from Gel 
filtration FPLC; 
10 Figs. 5 and c depict the profiles for the two 

partially purified polypeptide products from reversed-phase 
HPLC; and 

Figs. 7 and 8 depict dose-response curves for the 
GGF-I and GGF-II fractions from reversed-phase HPLC using 
15 either a fetal calf serum or a fetal calf plasma background; 

Pigs. 9 to 12 depict the peptide sequences derived 
from GGF-I and GGF-II, SEQ 10 Nos. 1-20, 22-29, 32-53 and 
169, (see Example 2 hereinafter), Figures 10 and 12 
specifically depict novel sequences: 
\ 20 in Fig. 10^*&nel A, the sequences of GGF-I peptides 

4^ used to design degenerate oligonucleotide probes and 

degenerate PCR primers are listed (SEQ ID Nos. 20; '1, 22-29, 
and 17) . Some of the sequences in Panel A were also used to 
design synthetic peptides. Panel B is a listing of the 
25 sequences of novel peptides that were too short (less than 6 
amino acids) for the design of degenerate probes or 
degenerate PCR primers (SEQ ID Nos. 17 and 52) } 
* In Fig. l2^Fanel A, is a listing of the sequences 

of GGF-II peptides used to design degenerate oligonucleotide 
30 probes and degenerate PCR primers (SEQ ID Nos. 45-52). Some 
of the sequences in Panel A were used to design synthetic 
peptides. Panel B is a listing of the novel peptide that 
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vas too short (leas than 6 arin© aeids) for the design ef 
degenerate probes er degenerate PCR prirers (SEQ ID Ko. B3); 
^ Figures 13 to 20 relate' to Example 3. below and 
depict the ritogenie aetivity/ef factors ef the invention; 

figures 21 to 28 (a, b and e) relate to Example 4, 
belov and are briefly described belovj 

Tig. 21 is a listing ef the degenerate 
oligonucleotide probes (SEQ ID Kos. 84-88) designed from the 
novel peptide sequences in Tigura 10, Panel A and figure 12, 

10 Panel A; ^ m ^ w 

Tig. 22 (SEP, ID Ko. 29) depicts a atreteh ef the 
putative bovine GGF-IX gene eequenee from the recombinant 
bovine generic phege OGF2BS1, eonteining the binding aite ef 
degenerate oligonucleotide probes €08 and 650 (see Figure 

15 21. SEQ ID KOs. €9 and 72. respectively). The figure is the 
coding strand of the DKA sequence and the deduced amino aeid 
sequence in the third reading frame. The sequence ef 
peptide 12 fro* factor 2 (bold) is part ef a €6 arino acid 

IS Kos * 9 0-108) and unique PCR primers (Panel B, SEQ ID Kos. 
109-119) used in experiments to isolate segments ef the 
bovine GCF-II coding sequences present in RKA from posterior 

pituitary? 

Tig. 24 depicts ef the nine distinet contiguous 
bovine G5F-XX cDKX structures and sequences that vers 
obtained in PCR amplification experiments using the list ef 
primers in Figure 7. Panel. A and B, and RKA from P^terior 
pituitary. The top line ef the Figure is a schematic ef the 
coding sequences vhich contribute to the cDKA structures 
that vere characterised? 

Tig. 28 ia a physical rap ef bovine recorbinant 
phage of GGF2B51. The bovine fragment is roughly 20 *b in 
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length and contains two axons (bold) of the bovine CGF-XX 
eene. Restriction sites for the enzyaes Xbal, SP**» > Jd * 1 ' 
ZeeUX, Kpnl, end SstX have been placed on this physical map. 
Shaded portions correspond to fregeent. vhich vera eubciened 

S for sequencing? 

*ig. tc is a sehaaatie ef the structure ef three 
alternative gene products ef the putative bovine OCF-XX 
9 ene. Exons are listed A through X in the order ef their 
discovery. The alternative splicing patterns 1, 2 and 3 
10 cenarata three everlapping deduced protein structures 
%8mm. 2, and 3), vhich are di.pl.yed in the various 
figures 28a, fe, e (described below) f 

Tig. 27 (ESQ XD Kos. 120-132) U a comparison ef the 
GGF-X and G5F-XX sequences identified in the deduced protein 
seances shown in Figures 28a, 28b and 28c (described 
Mov) vith the novel peptide sequences listed in » 
and 12. The Figura show, that six ef the nine novel WF-XX 
peptide sequences are accounted for In these deduced protein 
leqcences. Tvo peptide sequence. si*iUr to OSF-l sequence. 
20 are also found; 

.trir.l 8XX ..5u.n0. .«« e.«u«4 «ino «id ..5».no. ef the 
eCSA obt.in.4 «ro» .P«eln 9 ftt.m wte 1 to 
3*1. parti.l et>SX ef th, P »«tlv. bovin. OGF-K S .n. 

B Protein of l»f -too lB »•»**• ta *"* „ 

tho.. «.»tl«- tr« th. pr...»t.4 
». fot.nti.1 olyoo.yl.tion .it.. »r. una.rlin.4 <»lo»9 

vith ^;«'|^•^^^^. U.tin, of th. 
■trud CM V.^.no. »n4 Mtat «" **iu»ne. ef th. 

0^ 0^.4 fr» mWl P»«.m nu»b.r » in Mr- »• 
£is r»t.tlv. bovin. OW-II ,.n. .noo4.. 

l utein ef »i »to. "»« in l.njth. ,. P ti4« in bold 

- 29 - 



25 



30 



are these identified Iron the lists presented in figure! 10 
and 12. Potential cj lyeosylation sites are underlined (along 
vith polyadenylatipn signal AATAAA) f 

Tig.$*T ffEfi XD Ko. 135) la a listing of the coding 
strand SKA sequence and deduced aaino seid sequence of the 
cDKA obtained froa apliclng pattern Ruaber 9 in Figure 
This partial eDKA of the putative bovine CCF-JX «ane encodes 
a protein of 257 aaino aeids In length. Peptides in bold 
are those identified t roa the lists in Figures 10 and 12. 
Potential glyeosylation sites are underlined (along vith 
polyedenylation signal AATAAA) • 

Tig. 21, vhieh relates to Sxeaple € hereinafter, is 
an autoredioyrea of a cross bybriditation analysis of 
putative bovine G5F-I2 gene sequences to a variety of 
a&szalian DKAs en a southern blot. The filter contains 
lanes ©f £eo*I-digested DKA (5 fig par lane) free the species 
listed in the Figure. The probe detects a single strong 
band in each DKA sasple, including a four kilobase fragment 
in the bovine DKA as anticipated by the physical »ap in 
Figure 25. Bands of relatively riner intensity are observed 
as veil, 'vhieh eould represent related DKA sequences. The 
strong hybridizing band froa each of the ether caaaalian SKA 
sarplas presuaably represents the WF-2I hoaologue of those 
species. 

Tig. 20 is a diagraa ef representative splieing 
variants. The eoding segments are represented by T, X, B, 
A, c, C, C/D, C/D'. 5, H, K and I. The location of the 
peptide sequences derived froa purified protein are 

indicated by •©"• 

-ryA> rigv-2* (5EQ 2D Kos. 136-147, 160, 161) is a listing 
ef the DKA sequences and predicted peptide sequences ef the 
coding segments ef CCF. Uht 1 I* ■ lining of the 
predicted aaino acid sequences ef bovine CSF, line 2 is a 
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listing ef the nucleotide eeguenees ef bovine KF, line 3 it 
a listing ef the nucleotide sequences ef huaen 66F 
(hereyulin) (nucleotide base aatehes are indicated vita * 
vertical line) and line Un listing ef the predicted • 
aaino acid eeguenees ©f huaan GGF/hereguiin vhere it differs 
frea the predicted bovine aeguenee. eoding eegaente X, X' 
and K represent enly the bovine eeguenees. Coding eegaent 
t»' represents enly the huaan (heregulin) aeguenee. 

Tig. sijjtfiffsp Ko. 141) ia the predicted GGF2 axino 
acid sequence and fiucleotide aeguenee ef BPF5. The upper 
line is the nucleotide aeguenee and the lover line ia the 
predicted aaino acid aeguenea. 

Tig. JjJtlfcTXD Ko.' 14*) is the predicted aaino acid 
sequence and nucleotide aeguenee ef C5F2BPP2. The upper 
line is the nucleotide aeguenee and the lover line is the 
preiicted arino acid aeguenee. 

rig. J4 A A '(StO 1$ No. 150) is the predicted aaino acid 
sequence end nucleotide aeguenee ef C6F2BFP4. The upper 
line is the nucleotide aeguenee and the lover line is the 
predicted erino acid seguence. 

Tig. 31 (SEC ID Hos. 151*152) depiets the alignaent 
cf tvo G3F peptide eeguenees (CCF2bpp4 end CGF2bpp5) vith 
the huaan EGF (h£6F). Asterisks indicate positions ef 
conserved cysteines. 

Tig. J 4 depicts the level ef C-SF activity (Sehvann 
cell aitooenie assay) and tyrosine phosphorylation ef a ee. 
200kD protein (intensity ef a 200 W> band en an 
eutcrediegrea ef a Vestern blot developed vith an 
antiphosphotyxesine polyclonal antibody) in response te 
increasing aaounts ef 06F. 

Tig. 37, Ka a list ef splicing varianta derived frea 
the seguences ahovn in Figure 31. 



Tig. Sl Is the predicted aain© aeid sequence, 
bottos, and nucleic a* que nee, tep# ef rSFLl (SEQ ZD Ke. 

154) . 

Tig. at 1b tht predicted arine acid sequence, 
5 bottea, and nucleic sequence, top, ef EGFL2 (EEC ZD Me. 

155) . 

fig. 40 la the predicted aaino acid aequenee, 
bcttos, and nucleic sequence, top, cf EGFX3 (S£Q ZD Ke. 

156) . 

10 Tig. 41 la the predicted aaino acid sequence, 

bottoa, and nucleic a thence, top, cf EGFL4 (SEQ ZD Me. 

157) . 

* 

Tig. 42 la the predicted aain© acid sequence, 

bottom, and nucleic sequence, top, ef XGF15 (EEQ ZD Mo. 
15 156). 

?ig. 43 is the predicted asino aeid sequence, 
irttcz, and nucleic sequence, top, ef XCFL6 (BEQ ZD Mo. 
155). 

rig. 4 4 is a scale eeding segaent sap ef the clone. 
20 73 refers to the bacteriophage preaoter used to produce sRKA 
Ires the done. R » flenXing EeoRI restriction enryae 
sites. 5' VT refara to the 5' untranslated regien. X, B, 
A, C, C/D', and D refer to the eoding aegaente. C • the 
translation start site. A - the 5' licit ef the regien 
25 hcrelegous to the bovine S aegaent (see exeaple €} and 3' VT 
refers to the 3' untranslated regien. 

?ig. 4S/is 'tSe'ipr eiicted aaino aeid sequence 
(riddle) and nucleic sequence (top) ef GGF2KBS5 (SEQ ZD Me. 

The bottea (intermittent) sequence represents peptide 
30 ^sequences derived frea OGF-IX preparations (see Figures 11, 
12). 



Tig. 4( it i graph depicting the Schwann cell 
mitogenic activity cf recombinant human and bovine glial 
growth factors. 

Tig. 47 is a dose-response curve depicting Sehvann 
■S cell proliferation activity data resulting frea 

administration of different lite aliquots of CHO call 
conditioned medium. 

Tig. <l is a dose-response curve depicting Sehvann 
cell sitcgenie activity secreted Into the extracellular 
10 redium by BT9 inseet cells infected vith baeulovirus 
containing the C6F2KBS5 eDKA dene. 

7ig. 41 is a Western blot ef recombinant CHO cell 
conditioned med^ium^sing a CSF peptide antibody. 

rig. 10^ (X) is a graph cf Sehvann eell proliferation 
15 activity of recombinant (COS cell produced) human C6F-ZX 

(rh&GF-II) peak eluted from the cation exchange column; (B) 
is an immunoblet against recombinant CCFZI peefc using 
polyclonal antibody made against specific peptide ef 

20 7ig. 11^ (JO is a graph shoving the purification ef 

rhSSF-XI (CKD eell produced} en eatien exchange column by 
fraction; (B) is a photograph of a Western blot using 
fractions as depicted in (A) and a rhSCF-ZI specific 
antibody. 

25 ?ig. S2 is a photograph of a gel depicting tyrosine 

phosphorylation in Sehvann cells treated vith recombinant 

glial growth factors. 

rig. S3 is the sequences ef 6SFKBS5, CGFKFB1 and 

GSFEFF5 polypeptides (SEC ID KOS: 170, 171, and 172). 
30 rig. S4 is a sap ef the CHO cell-expression vector 

pcOKFKpolyA. 
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Detin»« "rfrrlrtlgn 
The invention pertains to the isolation and 
purification of novel Cliel Crovth faetors and the cloning 
cf DKA sequences Encoding these factors. Other eoaponants 
5 cf the invention art several gent splicing variant* vhich 
potentially tncodt a s tries cf glial grovth factors, In 
particular tht CGF2KBS5 in particular a variant vhieh 
tncodes the huran equivalent cf bovine 65MI. 2t Is 
tvident that the gene encoding GGP's and plt5 ,rb " binding 
10 proteins products a nuaber cf variably-sited, 

differentially-spliced RKA transcripts that give rist to a 
b^tUb of proteins, vhich art of different langths and 
contain sore eoaaon peptide sequences and soae unique 
peptide sequences. This is supported by the dif ftrtntitliy- 
15 spliced sequences vhieh are recoverable frea bovine 

posterior pituitary RKA (as presented herein), buaan brtast 
cancer (KDA-XB-231) (Holaes tt al. Science 221* 1205 (1*82) 
and chicken brain *KA (Falls tt al. Cell 72:1-20 (1993)). 
Fur ther support derives froa the vide size range of proteins 
20 vhich act as both ritogens for Schvann cells (as disclosed 
herein) and as ligands for the plE5 ,rM2 receptor (see 
belov) . 

Further tvidence to support the fact that the gents 
encoding CCF and pl85 ,rM2 tre hoaologous coaes frea 

25 nucleotide sequence eoaparison. Science, ase (1992), 

1205-1210) Koines i£ aj. deaonstrate the purification cf a 
45-Xilodalton huran protein (Kereg-ulin-a) vhieh specifically 
interacts vith the receptor protein plB5 trt>M , vhieh is 
associated vith several husan salignaneits. Several 

20 ccrplesentery SKA clones tncoding Kerequlin-e vert isolattd. 
Feles tt al. (Cell £2:205 (1992)} and Ven tt al (Cell 11:859 
(1992)) describe a coapleaentary DKA isolated froa rat cells 
encoding a protein ealltd "neu differentiation factor* 
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(KDF) . Th^translatien product ef thtT&f eDKA has 
pl85 ,rb " binding activity, Hsdin and risehbaeh, J. Call. 
Biol. 103:493-507 (1986)} fall* at al.. Cold Spring Harbor 
Syrp. fiuant. Biol. £5:397-406 (1990); Earris at al., Proc. 
5 Jfatl. Acad. Sci. VSk ts:7664-766B (1991); and Palls at Al., 
Call 72:901-815 (1993) dtscnstrate tha purification ef a 42 
*d glycoprotein vhieh lntaraets vith a receptor protain 
pl85 ,rM2 and savaral eoaplaaentary cDKA elonas vara 
isolated (Falls »t al. Call 72:801-815 (1993). Savaral 

10 ether groups have raportad the purification ef pre t tins ef 
various «oleeular veightc vith pl85 ,rM2 binding activity. 
These groups Include X,upu at al. (1992) Free. Katl. Aead. 
Sci. USA 89:2287; Yerden and Palas (1991) Biochemistry 
3 0:3543; Lupu at al. (1990) Science 249:1552); Dobashi at 

15 al. (1991) fiioehea. Biophys. Pes. Ceaa. 179:1536; and Buang 
at al. (1992) 3. Biol. Chea. 257:11506-11512. 

Other Er.baaiwentB 
The invention includes any protein vhieh is 
substantially homologous to the coding segments in Figure 31 

20 (SZfi ID Ko.s 136-147, 160, and 161) as veil as other 

naturally occurring CSF polypeptides. Also included are: 
allelic variations; natural rut ants; induced cut ants; 
proteins encoded by CKA that hybridises under high er lev 
stringency eonditiens to a nucleic acid naturally occurring 

25 (for definitions ef high and lev stringency see Currant 

Protocols in Molecular Biology, John tfiley i Sons, tfev York, 
1989, 6.3.1 - 6.3.6, hereby incorporated by ref arenca) ; and 
polypeptides er proteins specifically bound by antisara to 
CSF polypeptide. The tare also Includes ehiaerie 

30 polypeptides that include tha GCF polypeptides comprising 
sequences froa Figure 31. 

The following axaaplas are not intended to liait tha 
invention, but ara provided to usefully illustrate the saae, 
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and provide specific guidance for affective preparetiva 

techniques. 

As vill be seen froa Execple 3, below, the presant 
factors exhibit autogenic activity on a 'range of cell types. 
The activity in relation to fibroblast! indicate! * vound 
repair ability, and the invention aneecpasses thia use. «ne 
general statements of invention above in relation to 
forrulatiens and/or aedieaaents and their manufacture should 
claarly be construed to include appropriete products and 
uses. This is elaarly a reasonable axpectatien for tha 
present invention, given reports cf atelier aetivitiaa for 
fibroblast gT©vth faetora (FGFs). Reference can be »ede, 
for axarple, to Spora i£ tl., Peptide Growth Factors and 
their Receptors 3", page 396 (Baird and Bohlan) in the 
section headed m TGTs in Wound Healing and Tissue Repair". 

T. Presa ratiar, ef yteter.CH Traction 

4,000 freten vhoie bovine pituitariaa (c.a. 12 kg) 
vere thavad overnight, vashed briefly with water and than 
homogenized in an a?ual voluoe ef 0.15 K aaaoniua sulphate 
in batches in a Waxing Blender. The hoaogenate was taXan to 
pH 4.5 vith 1.0 X »C1 and centrifuged at 4,*00g for B0 
zinutes. Any fatty material in the supernatant was ra&ovad 
by passing it through glass wool. After taking the pH of the 
supernatant to 6.5 «*i«f *•© « «» lid »*»M>iua sulphate 

vas added to give a 361 saturated aolution. After several 
hours stirring, the suspension was centrifuged at 4.BD0 g 
for 8 0 rinutes and the precipitate discarded. After 
filtration through glass wool, further solid asaoniwn 
sulphate was added to the supernatant to give, a 75% 
saturated solution which was once again centrifuged at 4, »00 
g for. 60 cinutes after several houre stirring. The pellat 
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vas resuspended in c.a. 2 1ef 0.1 Y. aodius phosphate pH €.0 
and dielyted against 3 x 40 L of tht ease buffer. After 
confirming that the conductivity of the dialysete vas below 
20.0 ^Siemens, it vae loaded onto a Bioprocess eolunn X120 x 
113 tx, Pharmacia) paeXed vith eerboxymathyl celluioee 
(Qt-52, Vhatran) at e flew rate cf 2 *1 xdn* x . coluan 
v&s vashed vith 3 volumes cf 0.1 K aodium phosphate pH €.0, 
followed by 2 volumes of 50 xM KaCl, mnd finally 3 volumes 
ef 0.2 y. KaCl both in the same buffer. Turing the final 
xtep, 10 mL (5 minute) fractions vere collected. Fraction* 
73 to 118 inclusive vere pooled, dielysed against 10 volumes 
cf 10 tx sodium phosphate pK €.0 tvice and clarified by 
centrifugatien at 100,000 g for 60 minutes. 

TT. Ever gPLC 

Kydroxylepatite HPLC is not a technique hitherto 
used in isolating glial grovth factors, but proved 
particularly efficacious in this invention. 
The materiel obtained from the above CK-eelluiese 
chromatography vas filtered through a' 0.22 Jim filter 
(Kalgene), loaded at room temperature on to a high 
perforranee hydrexylapatite eolumn (50 x 50 bo, Biorad) 
equipped vith e guard eolumn (15 x 25 xm, Biorad) and 
equilibrated vith 10 aK potassiua phosphate pH CO. Slution 
at room temperature vas carried out at a flow rate of 2 
ml. minute* 1 using the following progressed linear gredienti 

time (min) %B Solvent Ax 10 xK potassium phosphate pH f.O 



0 Solvent B: 



1.0 K potassiua phosphate pB CO 



70.0 



150.0 



30 
30 
100 
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160.0 

165.0 0 

e.O^tL (3 rinutes) fractions vere collected during the 
gradient alution. rr actions 39-45 vere pooled and dialyaed 
against 10 volumes of so *x sediua phosphite pH CO. 

TIT. v s * B * m ^ 

Kono s FPLC enabled a sore concentrated saterial *© 
he prepared for subsequent eel filtration. 

Any particulate saterial in the pooled saterial fror 

10 the hydrcxylapatite eoluan vas reaoved fey a clarifying spin 
at 100,000 g for 60 sinutes prior to leading en to a 
preparative HRlo/10 Kono S eatien exchange colusn (100 x 10 
rx, Pharraeia) vhich vas then re-equilibrated to 50aK sodiua 
phosphate pH 6.0 at rooa terperature vith a flov rate of l.o 

15 rl/rinute" 1 . Under these conditions, hound protein vas 
eluted using the following programed linear ©radiants 

tire (tin) %B Solvent A: 50 sK potassiua phosphate pH €.0 

D -° © Solvent B: 1.2 K aodiun ehloride, SO sa 

70,0 30 sodiua phosphate pH 6.0 

20 240.0 100 

250.0 100 

260.0 0 



1 ri (l rinute) fractions vere collected throughout this 
gradient prograa. Fractions 99 to 115 inclusive vera 
25 pooled. 

TV. Cel rmrttlen TPIC 

This step eoaaeneed the separation of the two 
factors of the invention prior to final purification, 
producing enriched fractions.. 
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For thtTurposts cf this atep, a preparative 
Cuperese 12 rFLC eolusn (510 x 20 an, Fheraacia) vas packed 
according t© tht aenufaeturers' instructions. 2n order to 
standardise this eolusn, a theoretical plates aeasureaant 
5 vas sade according t© tht aenufaeturers' instructions, 
giving a value of s-,700 theoretical plates. 

The pool cf Ken© s a luted aaterial vas applied at 
reor terpereture in 5.5 Kl aliguots t© this eeluan in 80SM 
•odiur phosphate, C.75 KaCi pH CO (previously passed 

30 through a CIS reversed phase celuan (Stp-paX, Killipore) at 
a flow rate of 1.0 aL/ainute* 1 . 1 &L (0.5 ainute) fractions 
vere collected froa 35 ainutes after each saeple vas applied 
t© the colum. rractiens 27 to 41 (GSF-ZX) and 42 to 57 
(G5F-2) inclusive froa eaeh run vere peeled. 

15 3L — Fevereed-Phase kplc 

The CSF-Z and CGF-II peels froa the above Superose 
12 runs vere each divided into three eguel aliguets. Each 
aliquot vas loaded en to a Cfi reversed-phase eoluan 
(Ac^apore RP-300 7 ft Cfi 220 x 4.5 as, Applied Biosysteas) 

20 protected by a guard cartridge (RP-8, 15 x 3.2 aa, Applied 
Biesysters) and equilibrated t© 40*C at 0.5 aL.ainute. 
Protein vas eluted under these conditions using the 
fol loving progressed linear gradient: 

tire (cin) %B Solvent A: 0.1% trifluereacetic acid (TFA) 
25 0 Solvent 8: 501 aeetonitrilt, 0.1% TFA 

€0 £6.5 
52.0 100 
72.0 100 
75.0 0 

30 200 jjL (0.4 rinute} fractions vere collected in siliconited 
tubes (Kultilube tubes, Bioguote) froa 15.2 ainutes after 
the beginning of the progressed gradient* 
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£L — gPS-pp]v»crvler.ide c»1 TitrtrepfrergEis 

In this step, protein aolecular veight standards, 
lev range, catalogue »o. 161*0304, fros Bio-Kad Laboratories 
liaited, Vetford, England vare arployed. The actual 
S proteins used, and their xolecular veight standards, have 
been listed herein previously. 

Tractions 47 to 53 (GGF-X) and fractions €1 to 67 
(GSFII) Inclusive froa the reversed-phase runs vers 
Individually pooled. 7 jjL of the pooled material vas boiled 

20 in sn cqrual voluae of 0.0125 IS Trie -CI, 4% ZDS, 30% 

glycerol, and 101 *-»ereeptetthanoi for GGF-2, for S rinutes 
and loaded en to an 11% polyaeryleaide Laeaali gel vith a 4% 
stacking gel and run at a constant voltage of SO V for 16 
hours. This gel vas then fixed and stained using a silver 

25 staining kit (A&ershaa). Under these conditions, the 

factors are each seen as a sosevhat diffuse band at relative 
rolecular weights 30,000 to 36,000 Daltons (GSF-I) and 
55,000 to 63,000 Baltens (OGFIX) as defined by aeleeular 
veight aerkers. Froa the gel staining, it Is apparent that 

20 there are's trail nuaber of other protein species present at 
equivalent levels to the CSF-Z and C5F-XX species in the 
r&terial pooled fros the reversed-phase runs. 
VTT. Stability in Trlf luoraacetle Acid 

Stability data vere obtained for the present Factors 

25 in the presence of trifluoroaoetie seid, as folievst- 

CGF-I ; Katerial froa the reversed-phase RFLC, in 
the presence of 0.1% TFA and aeetonitrile, vas assayed 
vithin 12 hours of the completion of the eolu&n run and then 
after 10 veeks incubation at 40*C. Following incubation, 

30 the CGF-X had at least 501 of the activity of that material 
assayed directly off the eoluan. 

csr-Ti t Katerial froa the reversed-phase KPLC, in 
the presence of 0.1% TFA and aeetonitrile, and stored at 
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-2D*C, vas assl^S after thawing and then af^r 4 days 
incubation at 40*C. Following incubation, tht GGF-IX bad at 
least 501 of tht activity ©f that material freshly thawed. 

It vill be appreciated that tha trifluoroaeetie acid 
S concentration used in tha above studiaa is that moat 
commonly used for ra vara ed-phase chromatography. 

yrTT. Activity >>»v ecmgitieme 

Unless etharviae indicated, all operation* vara 
conducted at 37 *C, and, vith rafaranea to Figures 1 to «, 
10 activity at each stage vaa determined using tha Ireexcs 
(Keth. Enz., aupra) techniques vith the following 
rodificaticns. Thus, in preparing Schwann cells, 8 JiH 
f crskolin vas added in addition to DXEK (Dulbeeeo's modified 
Eagle's medium) , TCS and GGF. Cells used in the assay ware 
15 f ibreblest-free Schwann ceils at passage number leas than 
10, and these cells vere removed froa flasks vith trypsin 
and plated into f let-bottoaed 96-well plates at 3.3 thousand 
cells per mierowell. 

[ 125 J32UdR vas added for the final 24 hour* after the 
20 test solution addition. The background (unstimulated) 
incorporation to each assay vas less than 100 cpm, and 
xaxiral incorporation vas 20 to 200 fold ever background 
depending on Schwann cell batch and passage number. 

2n the case ef the G5F-2 and GGF-2I fractions from 
25 reversed-phese HPLC as described above, two dose response 
curves vere also produced for each factor, using exactly the 
above method for one ef the curves for each factor, and the 
above method modified in the essay procedure only by 
substituting f oetei calf plasma for fetal calf serum to 
30 obtain the ether curve for each faeter. The results are in 
Pig-ures 7 and 
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A^ino acid «e7uey>ee y ff yuritiri CCF-1 BTI^ ggf-XX 

Asino 1014 sequence analysis studies vere performed 
using highly purified bovine pituitary KF-2 and ©CF-2X. 
S The conventional single letter code vas used to describe the 
sequences. Peptides vere obtained by lysyl endopeptidase 
and protease V6 digests« carried out en reduced and 
cerboxyaethyleted aasples, vith the lysyl endopeptidase 
•. digest ef 0CF-2X carriad cut cn material eluted fres the 
10 $5-65 RD region ef a 111 SDS-FA6E (KW relative to the 
above-quoted sarkers). 

A total cf 21 peptide sequences (see Figure 9, SSQ 
TD Kos. 1-20, 169) vere obtained for ©GF-2, ef vhich 12 
peptides (see figure 10. SEfi 2D Kos. 1. 22-29. 17. 19, and 
15 32) are not present in currant protein databases and 

therefore represent unique sequences. A total ef 12 peptide 
sequences (see Figure 11, SEQ 20 Kos. 32-44) vere obtained 
for GCF-2I. of vhich 10 peptides (see Figure 12, MQ ID Kos. 
45-53) ere not present in current protein databases and 
20 therefore represent unique sequences (an exception la 

peptide CCF-II 06 vhich ahovs identical sequences in aany 
proteins vhich are probably ef no significance civen the 
s-ell number ef residues). These novel sequences are 
extrerely likely to correspond to portions ef the true aaino 
25 acid sequences of WFs 2 and 22. 

particular attention can be dravn to the aequencas 
cf CGF-I 07 and CCF-2I 12, vhich are clearly highly related. 
The sirilarities indicate that the sequences ef these 
peptides are almost certainly those ef the assigned CCF 
species, and are »ost unlikely to be derived fro* 
contaminant proteins. 



30 
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Aon, in peptide 6GF-2Z 02, ^ 



In addition, in peptide 6GF-2Z 02, tfie sequence X 6 
£ is consistent vith the presence of an K linked 
carbohydrate soiety en an asparagine at the position denoted 
by X. 

S In general, in figures 9 and 11, X represents an 

unknown residue denoting a sequencing cycle vhera a single 
position could not be called vith certainty either because 
there vas sore than one signal of equal site in the cycle er 
because no signal vas present. As asterisk denotes those 

10 peptides vhere the last axino aeid called corresponds to the 
last amino aeid present in that peptide. In the reaaining 
peptides, the signal strength after the last amino aeid 
called vas insufficient to continue sequence calling to the 
end of that peptide. The right hand column indicates the 

15 results cf a cocputer database search using the GCG package 
TASTA and TFASTA programs to analyse the UBRF and SKBL 
sequence databases. The nana cf a protein in this column 
denotes identity of a portion of its sequence vith the 
peptide arino acid sequence called allowing a eaximum of tvo 

20 risaatehes. A question mark denotes three misaatehes 
alloved. The abbreviations used are as follows: 

EMS-l High Mobility Croup protein-1 

HK3-2 High Mobility Croup pretein-2 

X»alpha Luteinizing hormone alpha subunit 

25 Ift-beta Luteinizing horx&one beta subunit 
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KitoqaMe Xetlvitv ef Purified CCT-T and esr-TT 

The mitogenie activity ef a highly purified sample 
containing both CGFs 2 and ZZ vas studied using a 
5 quantitative method, vhieh allows a single mieroeulture to 
be examined for SNA synthesis! cell morphology, cell number 
and expression ef cell antigens. This technique has been 
codified from a method previously reported by Muir at al.. 
Analytical Biochemistry 185, 377-382, 1990. The sain 

10 modifi cations are: 1) the use of uncoated micrctiter plates, 
2) the cell number per veil, 3) the use ef 51 Foetal Bovine 
Plasma (FBP) instead ef 10% Foetal Calf Strum (FC6), and 4) 
the time ef incubation in presenee ef mitogens and 
bromodeoxyuridine (BrdU}, added simultaneously to the 

15 cultures. Zn addition the cell monolayer vas not washed 
before fixation to avoid loss ef cells, and the incubation 
time of monoclonal mouse anti-BrdU antibody and peroxidase 
conjugated goat anti-mouse immunoglobulin (2g6) antibody 
vere doubled to Increase the sensitivity ef the assay. The 

20 assay, optimized for rat seiatie nerve Schwann cells, has 
also been used for several eell lines, after appropriate 
modifications to the eell culture conditions. 



7. Ve*np3s ef vitoaenesls Testing 

On day 1, purified Schwann eells vere plated ento 

25 uncoated 96 veil plates in 5% FBP/Dulbeeeo's Modified Eagle 
Kedium (DKEK) (5,000 cells/veil). On day 2, GGFs er ether 
test factors vere sdded to the cultures, as veil as BrdU at 
a final concentration ef 10 *m. After 48 hours (day 4) BrdU 
incorporation vas terminated by aspirating the medium and 

30 cells vere fixed vith 200 j<l/vell ef 701 ethanol for 20 »in 
at room temperature. Kext, the cells vere vashed vith vater 
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end the DKA denatured by incubation with 100 «tl 2N 8C1 for 
10 sin at 37 # C. relieving aspiration, residual moid vas 
neutralized by filling the veils vith 0.1 K borate buffer, 
pH *.©, and the cells vere vashed vith phosphate buffered 
5 saline (PBS). Cells vere then treated vith SO $il of 
blocking buffer (PBS containing 0.1% Triton X 100 and 2% 
norxal goat serus) for 15 Bin at 37 "C. After aspiration, 
soneclonal souse anti-BrdU antibody (Oako Corp., Santa 
Barbara, CA) (50 ftl/vell, 1.4 #ig/al diluted In blocking 

3,0 buffer) vas added and Incubated for tv© hours at 37 *C. 
Unbound antibodies vere reaoved by three vashes in PBS 
containing 0.1% Triton X-100 and peroxidase-eonjugated goat 
ent-oouse IgS antibody (bak© Corp., Santa Barbara, CA) (50 
jil/vell, 2 fig /nl diluted in blocking buffer) vas added and 

15 incubated for one hour et 37 *C. After three vashes in 
P£S/Triton and a final rinse in PBS, veils received 100 
#il/vell of 50 sX phosphate/citrate buffer, pH S.0, 
containing 0.05% of the soluble ehrosogen o-phenylenedia&ine 
(OPD) and 0.02% BjOj. The reaction vas terminated after 

20 5-20 sin at reoa terparature, by pipetting SO ftl frea each 
veil to a clean plate containing 40 il/vell ef 2N sulfuric 
acid. The ebsorbanee vas recorded at 4 9 One using a plate 
reader (Dynateeh Labs). The assay plates containing the 
cell monolayers vere vashed tviee vith PBS and. 

25 irzunoeyteeherically stained for BrdU-DNA by adding 100 
^1/vell of the substrate diaainobenxidine (DAB) and 0.02% 
H 2 0 2 to generate an insoluble product. After 10-20 sin the 
staining reaction vas stopped by vashing vith vater, and 
BrdU-positive nuclei observed and counted using an inverted 

30 sicroscope. occasionally, negative nuclei vere 

counter6tained vith 0.001% Toluidine blue and counted as 
before. 
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XL — Cell lines mtaaenesls leeavc 

Sviss 2T3 ribrcbltsUt Cells, froa Flow Labs, vere 
maintained in CKBi auppleaented vith 101 FC6, penicillin and 
streptoaycin, at 37 'C in a feuaidifled ataosphere of 101 C0 2 
5 In air. Cells vere fed or subcultured every tve days. Tor 
xitogenic assay, cells vere plated at a density ef 5,000 
cells/veil in complete aediua and incubated for a veefc until 
cells vere confluent and quieseent. The serum containing 
rediua vas reaoved and the cell sionoleyer vashed tviee vith 
10 serua frte-aediua. 100 fjl ef aerua free aediua containing 
mitogens and lOjrti cf BrdU vere added to aaeh veil and 
incubated for 48 hours. Dose responses to CGFs and serua or 
TDZT (as a positive eontrol) vere perferaed. 

SSK (B&by E&sster Sidney; 21 €13 Fibroblasts: Cells 
15 Ires European Collection ef Aniaal Cell Cultures (ECACC) , 
vere aaintained in Clasgov Kodified Eagle Kediua (GKDS) 
supplerented vith 5% tryptose phosphate broth, 5% FC5, 
penicillin and streptoaycin, at 37*C in a huridified 
etr.osphere ef 51 C0 2 in air. Cells vere fed or subcultured 
20 every tvo to three days. For sitogenie assay, cells vere 
plated at a density ef 2,000 cell/veil in coaplete aediua 
for 24 hours. The serua containing aediua vas then reaoved 
and after washing vith serua free aediua, replaeed vith 100 
pi ef 0.1% res containing GKEK er GXEM alone. CGFs and FCS 
25 er bFGF as positive eontrels vere added, eoineident vith 
10/iK BrdU, and incubated for 48 hours. Cell cultures vara 
then processed as described for Schwann cells. 

C€ £at CJioaa Cell X-ine: Cells, obtained at passage 
39, vere saintained in DKZK containing 51 FC5, 51 Eorse 
30 serua (HS) , penicillin and streptoaycin, at 37*C in a 

huridified ataosphere of 10% C0 a in air. Cells vere fed er 
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subcultured every three days. For sitogenle assay, calls 
vara plated at a density of 2,000 cells/veil in coaplete 
aediua and ineubatad for 24 hours. Than aediua vas replaced 
vith a aixtura ef in ©kek and ri2 aediua containing 0.1% 
5 res, aftar vashing in eerua free aediua. Boss responses to 
CGFs, yes and aFCF vara than performed and eel la vara 
processed through the niSA as previously described lor the . 
ether call types. 

TC12 (R&t Adrenal PAeoehroaocytoaa Calif ; t Calls 
f rea XCACC, vara maintained in »« 2640 auppleaented vlth 
101 £5, 51 FCS, panieillin and strapteayein, in collagen 
coatad flasks, at 37*C in a humidified ataosphere of 51 C0 2 
in air. Calls vara fad avery three days by raplaeing SOI cf 
the aediua. For aitogenie assay, calls vara platad at a 
density of 9,000 calls/veil in ceaplata aediua, en collagen 
coated plates (50 jil/vail collagen, Vitrogen Collagen Corp., 
diluted l : 50, 30 sin at 37 *C) and incubated for 24 hours. 
The aediua vas than placed vith frash EPXI cither alone er 
containing 1 aX insulin cr 1% FCS. Dose rasponaas to FCS/HS 
(1:2) as positive control and to 6CFs vara performed as 
before. Aftar 46 hours cells vera fixed and the £LX6A 
performed as praviously described. 

TIT. Besulte of Kitosenesla Assey*; All the axpariaents 
presented in this Exaaple vert perferaed using a highly 
25 purified saspla frea a Sepherose 12 chromatography 

purification step (see Exesple 1, aeetion D) containing a 
aixture cf GSF-I and C5F-II (G6Fe) • 

First, the results obtained vith the BrdU 
incorporation assay vara compared vith the classical 
30 aitogenie assay for Schwann calls based en U25]X*VdR 
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incorporation into BNA ef dividing cells, described by 
J.P.Broekes (Kethods Enrymol. 1*7:217, 1987). 

Figure 13 shows the comparison of date obtained vith 
the two essays, perforata in the same eell culture 
5 conditions (5,000 cells/veil, in 51 rs?/C}£ZH, ineubated in 
presence of CGFs for 48hrs). As clearly shown, the results 
are comparable, but BrdU incorporation assay appears to be . 
slightly aore sensitive, as suggested by the shift of the 
curve to the left of the graph, i.e. to lower concentrations 

io of cars. 

As described under the section 'Kethods of 
Kitogenesis Testing", after the immunoreaetive BrdU-DNA has 
been quant itated by reading the intensity ef the soluble 
product ef the OPD peroxidase reaction, the original assay 

15 plates containing cell monolayers can undergo the second- 
reaction resulting in the Insoluble 2KB product, vhieh 
stains the BrdU positive nuelei. The sieroeultures can then 
be examined under an Inverted micro* cope, and cell 
sorphology and the numbers ef BrdU-positive and negative 

20 nuclei can be observed. 

In Figure 14a and Figure 14b the BrdU-DKA 
inmunore activity, evaluated by reading absorbance at 490 nm, 
is compared to the number ef BrdU-positive nuelei and to the 
percentage ef BrdU-positive nuelei en the total number ef 

25 cells per veil, counted in the same cultures. Standard 
deviations vere less than 101. The two evaluation methods 
show a very good correlation and the discrepancy between the 
values at the highest dose ef CSFs can be explained by the 
different extent ef DNA synthesis in eells detected as 

30 BrdU-positive. 

The BrdU Incorporation assay can therefore previde 
additional useful Information about the biologieal activity 
of polypeptides en Schwann cells when compared to the (125) 
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(nor shown) « 

The ability ef fibroblasts to respond to e<5Fs vas 

inhibition or reach a quiescent state vhen confluent. 
Therefore the experimental conditions were designed to have 
* very low background proliferation without compromising the 
cell viability. GSFs have . aignificant Otogenic activity 
cn BKX21 ci3 cells as shown by rigure 17 and Figure 18. 
Tig-are 17 shovs the Brdu incorporation into DNA by bkx 21 
CIS cells stimulated by CGFS in the presence ef 0.1% res 
The good ritogenic response to PCS indicates that call 
culture conditions vere not limiting. 2n Figure 16 the 
ritogenic effect ef WFs is expressed as the number ef 
Brdu-positive and BrdU-negative cells and as the total 
nurber cf cells countad par veil. Data are representative 
cf two experiments run in duplicates; at least three fields 
per veil vere countad. As observed for Schwann eells in 
addition to a proliferative effect at low doses, e«F« also 
increase the numbers ef nonresponding cells surviving. The 
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percentage ef BrdU positive cells Is proportional to the 
increasing amounts of GGFs added to the cultures. The total 
number of cells after 48 hours In presence ©f higher doses 
ef GCFs is at least doubled, confirming that GGFs induce SKA 
£ synthesis and proliferation in. BKR21 C13 cells. Pnder the 
same conditions, cells maintained for 48 hours in the 
presence ©f 2% TCB shoved an increase ©f about six fold (not • 
shown). 

C6 glioma cells have provided a useful model to 
10 study glial cell properties. The phenotype expressed seems 
to be dependent en the eell passage, the cells sore closely 
resettling en astrocyte phenotype et an early stage, and an 

oligodendrocyte phenotype at later stages (beyond passage 
70). C€ cells used in these experiments vere from passage 

15 35 to passage 52. C6 cells are a highly proliferating 
population, therefore the experimental conditions vere 
optimized to have a very low background ef BrdU 
incorporation. The presenee ef 0.11 serum vas necessary to 
maintain cell viability vithout significantly affecting the 

20 mitogenie responses, as shown by the dose response to rCS 
(Figure 19). 

Zn Figure 20 the mitogenie responses to eFGF (acidic 
Fibroblast growth factor) end CSFs are expressed as the 
percentages ef maxisal BrdU incorporation ebtained in the 

25 presenee ef FC5 (8%). Values are averages ef two 

experiments, run in duplicates. The effect ef CCFs vas 
comparable to that ef e pure preparation ef eFCF. eFSF has 
been described as a specific growth faeter for C€ cells (Lim 
K. et el., cell Regulation 1:741-746, 1990) and for that 

30 reason it vas used as a positive control. The direct 
counting ef BrdU positive and negative cells vas net 
possible because ef the high cell density in the 
ricrocultures. In contrast to the cell lines so far 
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reported, FC12 cells did net shew any evident responsiveness 
to CGFSf vhen treated under culture condition* in which PC12 
could respond to sere (aixture of PCS and KS as used 
routinely for cell saintenanee) • Nevertheless the nuaber of 
eells plated per veil seeas to affect the behavior of FC12 
cells, and therefore further experiments are repaired. 

EXCTLS 4 

Isolating end Cloning ef Wuc1«ot<t8* Beguences encoding 
"proteins containing CGF-T end eSF-TT "Peptides 

Isolation and cloning ef the ©GF-2X nucleotide 
sequences vas perferaed as outlined herein, using peptide 
sequence information and library screening, and vas 
parforsed as set out belev. It vill be appreciated that the 
peptides of Fig-area 4 and 5 ean be used as the starting 
point for isolation and cloning ef OGF-2 sequences by 
following the techniques described herein. Indeed, Figure 
21, 5EQ 2D Kos. 54-86) shows possible degenerate 
oligonucleotide probes for this purpose, and Figure 29, SEQ 
2D Kos. 90-119, lists possible FCR priaers. DKA sequence 
and polypeptide sequence should be obtainable by this Beans 
as vith CSF-2X, and also DKA constructs and expression 
vectors incorporating such DKA sequence, host cells 
genetically altered by incorporating sueh 
constructs/vectors, and protein obtainable by cultivating 
such host cells. The Invention envisages sueh subject 
tatter. 

1. Pesio* »nfl svnth fei* ef olio&nucleotide Probes and 
Primers 

Degenerate DKA eligoaer probes vere designed by 
becktranslating the aaino acid sequences (derived froa the 
peptides generated froa purified C5F protein) into 
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jiucleotide sequences. Oligoaers represented either the 
coding strand or the non-coding etrend of the DNA sequence . 
Vhen serine, arginine or leucine vere included in the 
©ligoaer design, then two separate syntheses were prepared 

5 to avoid aabiguities. *er axaaple, serine ves aneoded by 
aither TCK ©r A6Y as in 537 and S3S or 509 and §10. Siailer 
codon splitting ves done for arginine er leucine (e.g. 544, . 
545). DKA oligoaers vere synthesited on a Bioseerch §750 
4-eoluan X>KA synthesiser using §-cyenoethyl eheaistry 

10 operated at 0.2 mieroaole scale synthesis. Oligoaers vara 
cleeved off the eoluan (500 angstroa CpC resins) and 
depreteeted in coneentreted aaaoniua hydroxide for §-24 
hours at 55-60»C. ©eproteeted oligoaers vere dried under 
vacuun (Speedvac) and purified by electrophoresis in gels of 

15 15* ecrylaeide (20 »ono : 1 bis), 50 *Ji Tris-borete-XDTA 
buffer conteining IK urea. Full length oligoaers vera 
detected in the gels by UV ahadoving, then the bends vere 
excised and DKA oligoaers aluted into 1.5 als H20 for 4-16 
hours with shaking. The aluete ves dried, redissolved in 

20 0.1 al H 2 0 and absorbance aeasureaents vere taken at 260na. 

Concentretions vere determined according to the 

following foraule: 

(A 260 x units/al) (60.6/iength - x $M) 

All oligoaers vere adjusted to 50 jiK concentration 

25 by addition of B 2 0. 

Degenerate probes designed as above are ahovn in 

Figure 21, SEQ ID Woe. 54-58. 

PCR priaers vere prepared by essentially the seae 
procedures that vere used for probes vith the following 
30 rodificatiens. Linkers of thirteen nucleotides conteining 
restriction sites vere included at the 5' ends of the 
degenerate oligoaers for use in cloning into veetors. DKA 
synthesis vas perforaed at 1 aicroaole scale using 1,000 
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angstroa CpG resins and inosine vas used at positions where 
all four nucleotides vert incorporated normally into 
degenerate probes. Purifications of PCR priners included an 
ethanol precipitation following the gel electrophoresis 
5 purification. 

lit library Construe en »n« * e r»»MT, a 

A bovine geneaie DMA library vas purchased froa 
Stretegene (Catalogue Huabers »45?01). The library 
contained 2 x 10* 15-2 OXb Seu3Al partial bovine OKA 

10 fragments elened into the vector laabda DaehXZ. A bovine 
total brain CDKA library vas purchased froa Cleneteeh 
(Catalogue Huaber* BL 20199). Coapleaentary SKA libraries 
vere constructed (In Vitrogen; Stretagene) froa s&KA 
prepared froa bovine total brain, froa bovine pituitary and 

15 froa bovine posterior pituitary. In Vitrogen prepared two 
cDNA libraries: one library vas in the vector laabda glO, 
the ether in vector peDKAZ (e plasaid library). The 
Stratagene libraries vere prepared in the vector laabda 
unizap. Collectively, the cDKA libraries eonteined 14 

20 rillion priaary reeoabinant phage. 

The bovine genoaic library vas plated en £. coll K12 
host strain LE392 en 23 x 23 ca plates (Nunc) at 150,000 to 
200,000 phage plagues per plate. Each plate represented 
epprexisately ene bovine genoae equivalent. Following an 

25 overnight incubation at 37 *c, the pletes vere chilled and 
replicate filters vere prepared according to procedures ef 
Xanietis at al. (2:C0-81). four plague lifts vere prepared 
froa each plate ento uncharged nylon aeabranes (Pall Biedyne 
A or KSX Kitropure). The DNA vas ienobilited onto the 

30 rerbranee by cross-linking under tJV light for 5 ainutes or, 
by baking at 80* C under vaeuua for two hours. OKA probes 
vere labelled using T4 polynucleotide kinase (Hew England 

- 53 - 



Siolebs) vith gemaa 32P ATP (Kev England Huelearj €500 
Ci/maol) according to the specifications ef the supplier*. 
Briefly, 50 paols ef degenerate ©NA eligoaer vera ineubated 
in the presence ef 500 |tCl gamma ,2 P-ATP and 5 units T4 
polynucleotide kinase Xor 30 ainutes at 37'C. Reactions 
vere terminated, gel electrophoresis loading feuf far was 
added and then radielabelled probes vere purified by 
•leetropheresis. 32P labelled probes vere axeised from gal 
slices and aluted into vater. Alternatively, SNA probes 
vere labelled via PC* amplification by incorporation ef 
e-32?-dATP or e-32P dCTP according to the protocol ef 
Sehovaltar and Somaer, Anal. Sioehea 177:90-94 (1989). 
Probes labelled in PCR reactions vere purified by desalting 
on Sephadex 6-150 eeluans. 

Prehybrid'itation and hybridisation vere performed in 
CMC buffer (0.52 K HaPi, 7% SDS, 1% BSA, 1.5 *M XDTA, O.l K 
Keel 10 rg/ml tSXA). Washing vas performed in ©ligovash 
(160 rl 1 K Ka 2 HP0 4 , 300 ftl 201 SDS, t.O ml 0.5 K EDTA, 100 
rl 5K KaCl, 3632 ml H20). Typically, 20 filters (400 sg. 
centimeters aach) representing replicate copies ef tan 
bovine genoae equivalents vere incubated in 200 ml 
hybridization solution vith 100 paols ef degenerata 
oligonucleotide probe (128-512 fold degenerate). 
Hybridization vas allowed to occur overnight at 5*C belov 
the rinir.ua melting teaperature calculated for the 
degenerate probe. The calculation of miniaua melting 
terperature assumes 3*C for an AT pair and 4 # C for a CC 
pair. 

Filters vera vashed in repeated ehanges ef eligovash 
at the hybridisation temperatures four to five hours and 
finally, in 3.2K tetreaethyleaaoniua chloride, 1% SDS tvice 
* for 30 min at a teaperature dependent en the DKA probe 
length. For 20aers, the final vash teaperature vas «0*C. 
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Filter* vere bunted, then exposed to X-ra^fila (Kodak 
XAR5) using intensifying screens {Dupont Cronex Lightening 
Plus). Usually, a three to five day fiin exposure at ainus 
80*c vas sufficient to deteet duplicate signals in these 
5 library screens, following analysis of the results, filters 
could be stripped and reprobed. Filters were stripped by 
incubating through two successive cycles ©f fifteen sinutes 
in a aicrovave oven at full power in a solution of 1% SDS 
containing 1D»K EDTA pHB. Filters were taken through at 
10 least three to four cycles of stripping and reprobing with 
various probes. 

777, Feypr-Mnant Fheoe Ts&latlon. Growth and PNA 
Preparation 

These procedures followed standard protocol as 
15 described in SecoftMnent pk& (Kaniatis at al 2 1 60-2: El). 

ISi Analysis ef isolated Clones Us ing PKA Pieestlon and 

gout hern Blots 

Keconbinant Phage DKA samples (2 micrograms) vere 
digested according to conditions recommended by the 

20 restriction endonuelease supplier (Hew England Biolabs). 
Following a four hour incubation at 37 'c, the reactions 
products vere precipitated in the presence of 0.1K sodium 
acetate and three volumes of ethanol. Precipitated DNA vas 
collected by eentrifugatien, rinsed in 751 ethanol and 

25 dried. All resuspended sasples vere loaded onto agarose 

gels (typically 1% in TAS buffer; 0.C4K Tris acetate, O.O02K 
IDTA). eel runs vere at 1 volt par centimeter from 4 to 20 
hours. Xerkers included la&bda Kind 2Z2 DNA fragments 
and/or CX174KaeIII DNA fragments (Hew. England Biolabs). The 

20 gels vere stained with 0.5 »icrograms/al of ethidiun bromide 
and photographed. For southern blotting, DNA vas first 
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depurinated by treataent vithAl2 8 K BCl 

denatured lA. K NaOH and transferred i&ox SSC (3K 
.odiua chloride, 0.03 K sodium citrate) to uncharged »ylon 
terbrenes. Blotting vas don. for C hours up to 24 hours, 
then the filter, vere neutralised in 0.5 Tri. BCl pK 7.5, 
0.15 K sodiua chloride, then rinsed briefly in 50 &K 
Tri s -borate EDTA. 

Tor cross-linking, the filters vere vrappad first in 
transparent plastic vrap, then the DNA side axposed for five 
rinutes to an ultraviolet light. Hybridisation and vashing 
vas performed as described for library screening (see 
section 2 ef this rxeaple). For hybridisation analysis to 
determine vh ether siaiiar genes axist in ether Bp%cim» 
slight sodifications vere aade. The DNA filter vas 
purchased froa Clonetech (Catalogue Huaber 7753-1) and 
contains 5 aicrograas of EcoRl digested DNA froa various 
species per lane. The probe vas labelled by PCR 
arplification reactions as described in section 2 above, and 
hybridizations vere done in 80% buffer B(2 c 
20 pclyvinylpyrrolidine, 2 g Fieoll-400, 2 g bovine serua 

albuain, 50 *1 1* Tris-BCl (pH 7.5) 58 0 KaCl, 1 g sodiua 
pyrophosphate, 10 g sodiua dodecyl sulfate, sSOal B 2 0) 
containing 101 dextran sulfate. The probes vere denatured 
by boiling for ten ainutes then rapidly cooling in iee 
25 vater. The probe vas added to the hybridisation buffer at 
10 dpa 3: p per *1 and incubated overnight at eo'C. The 
filters vere washed at €0'C first in buffer E followed by 2X 
SSC, 0.1% SDS then in lx SSC, 0.1% 60S. For high 
stringency, experiments, final vashes vere done in e.l x 
30 SSC, 1% SDS and the teaperature raised to «5*c. 

Southern blot data vere used to prepare a 
restriction sap ef the genoaie clone and to indicate which 
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subfragments hybridised t© the OGF probes (candidate* for 
subeloning) . 



v. Subelon ing ef Stgy»n*« PK* Kraoloqoug to 
fivbrid Nation Probes 

DNA digests (e.g. 5 micrograms) vere loaded onto 1% 
agarose gels then appropriate fragments excised from the 
gels following staining. The DKA vas purified by adsorption 
ento glass beads followed by •ltation using the protocol 
described by the supplier (Bio 101). Recovered DNA 
fragments (100-2D0 »g) were ligated into linearised 
dephosphoryleted vectors, e.g. pT3I? (Asbien), vhieh is a 
derivative of pTJCIS, using T4 ligase (Hew England Biolabs). 
This vector carries the X. cell * lactamase gene, hence, 
transformants can be selected on plates containing 
arpicillin. The vector also supplies B-gaiectosidese 
ccapleaentation to the host cell, therefore non-re eoabinants 
(blue) can be detected using isopropylthiogalactoside and 
Bluogel (Bethesda Research tabs). A portion ef the ligation 
reactions vas used to transfers £. fifili K12 XL1 blue 
competent cells (Stratagene Catalogue Humbert 200236) and 
then the transf orients vere selected on LB plates containing 
50 micrograas per ml aapieillin. White colonies were 
selected and plasmid mini preps vere prepared for DNA 
digestion and for DKA sequence analysis. Selected clones 
vere re tested to determine if their insert DNA hybridised 
vith the CCF probes. 

VT. PS'A c^w^eine? 

Double stranded plassid DKA tesplates vere prepared 
froa 5 ml cultures according to standard protoeola. . 
Sequencing vas by the dideoxy chain termination method using 
Sequenase 2.0 and a dideoxynueleotide sequencing kit (OS 
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Biochemical) a^rding to the aanufaeturers^retoeoi (a 
verification cf Sanger et el. PKAS; USA 21:5463 (1977)]. 
Alternatively, sequencing vas done in e DKA theraal cycler 
(Perkin Xloer, aodel 4800) using a cycle sequencing kit (New 
S England Biolebs; Sethesda Research Laboratories) and vas 
performed according to aanufeeturers instructions using a 
5 '-end labelled priaer. Sequence priaers vers either those 
supplied vith the sequencing kits er vere synthesisad 
according to sequence determined frea the elenss. 

10 Sequencing reactions vere loaded en and resolved en 0.4aa 
thick sequencing eels ef CI poly a cry 1 aside. Gels vera dried 
and exposed to X-Rey file. Typically, 3SS vas incorporated 
vhen standard sequencing kits vere used and a 32P and 
labelled priaer vas used for cycle sequencing reactions. 

15 Sequences vere read into a t>NA sequence aditor frea the 
bottos of the gel to the top (5' direction to J') and data 
vere analyzed using progress supplied by Genetics Computer 
Croup (GCG, University ef Wisconsin). 

VIT. **A Prepar ation end »CR Amplification 
SO Open reading f rases detected in the genoaic DKA and 

vhieh contained sequence encoding 65F peptides vere extended 
via PCR arplif ication ef pituitary RKA. RKA vas prepared 
fros frozen bovine tissue (Pelfreeze) according to the 
c-uanidine neutral-CsCl procedure (Chirgvin at. al. 
25 Biochemistry 18:5294(1979).) Polyadenyleted RKA vas selected 
by oligo-dT cellulose column chromatography (Aviv and Leder 
PKAS (USA) €9:1408 (1972)). 

Specific SKA terget sequences vere amplified 
beginning vith either total kKA er polyadenylated RKA 
30 sarples that had been converted to cDKA using the Perkin 
Zlmer PCR/ RKA Kit Huaberi U808-0017. first strand reverse 
transcription reactions used 1 jig teoplate RKA and either 
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primers ef ©ligo AT vith restriction enzyme recognition site 
linkers Attached or specific antisense primers determined 
from cloned sequences vith restriction sites attached. To 
produce the second strand, the primers either vers plus 
5 strand unique sequences ss used in 3' SACS reactions 

(Fr chain st. al., FKAS (USX) II: tm (19EB)) or vers elig© 
dT primers vith restriction sites attached if the second 
target site had been edded by terminal transferase tailing 
first strand reaction products vlth dXTP (e.g. 5' race 
10 reactions, Frohman st. si., ibid). Alternatively, as In 
anchored FCR reactions the second strand primers vere 
degenerate, hence, representing particular peptide 
sequences. 

The amplification profiles followed the following 

15 general scheae: 1) five minutes soak file at S5*C; 3) 

thermal cycle file ef 1 minute, »5 # C; 1 minute ramped down 
to an annealing temperature of 45'C, 50'C or 55'C; maintain 
the annealing temperature for one minute; ramp up to 72'C 
ever one minute; extend at 72 *C for one minute or for one 

20 minute plus a 10 second auto extension; 3} extension cycle 
at 72 *C, five minutes, and; 4) soaJc file 4 # C for infinite 
tire. Thermal cycle files (#2) usually vere run for 30 
cycles. A sixteen »1 sample ef each 100 pi amplification 
reaction vas analyzed by electrophoresis in 21 Kusieve 1% 

35 agarose gels run in TAX buffer at 4 volts per centimeter for 
three hours. The gels vere stained, then blotted to 
uncharged nylon membranes vhieh vere probed vith labelled 
DKA probes that vere internal to the primers. 

specific sets Of DKA amplification products could be 

30 identified in the blotting experiments and their positions 
used as a guide to purification and reasplification. Vhen 
appropriate, the remaining portions of selected samples vere 
loaded onto preparative gels, then following electrophoresis 
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four to fivefeiees cf 0.5 *r thiekness ^eeketing the 

expected position ef the specific product) vert taken fron 
*he Vtl. The agarose vas erushed, then soaked In 0.5 »l e f 
electrophoresis buffer frea a-ie bour. at 40'C. The eruehed 
S agarose vas eentrifuged for two minutes and the aqueous 
phase vas transferred to fresh tubes. 

Seasplifieation vas done en five microliters 
(roughly 1% ef the product) ef the .luted aeterial using the 
saae sets ef prisers and the reaction profiles as in the 

20 eriginal reactions. When the ratification reactions 
vere completed, samples vere extracted vith chlorofora and 
transferred to fresh tubes. Concentrated restriction 
enryae buffers and enzyaes vere added to the reactions in 
order to cleave at the restriction sites present In the 

25 linkers. The digested PCR products vere purified by gel 
electrophoresis, then eubeloned into vectors as described 
in the subclening section above. t>NA sequencing vas done 
described as above. 



20 



25 



yyiTi PKA Sestet An»1v«J ff 

SKA sequences vere asse&bled using a fragment 
assembly prograa and the aaino aeid sequences deduced by the 
CCC progress GelAsse&ble, Kap and Translate. The dedueed 
protein sequences vere used as a query sequence to seareh 
protein sequence databases using KordSearch. Analysis vas 
done on a VAX Station 3100 vorkstation operating under VMS 
5.1. The database search vas done en SvissFrot release 
isurber 21 using CCC Version 7.0. 

JX. pesults of rioninc and Seguawe**, ff y cen » r m rrfllfig 
and ccr-xi 

30 As indicated above, to identify the DNA sequence 

encoding bovine GGF-II degenerate oligonucleotide probes 
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vere designed from 66F-2X peptide sequences. WF-2X 12 (SEQ 
2D Ko. Ht) , a peptide generated via lysyl endopeptidase 
digestion of a purified GGF-2X preparation (aee Figure* 11 
and 12) ahoved atrong amine acid sequence hoaology with 
CCF-2 07 (SEQ 20 Ko. 39), a tryptic peptide generated frea 
a pur if iad GGF-2 

preparation. G6F-2X 13 vas thus used to ereata tan 
degenerate oligonucleotide probes (aee eligoa «09, «10 and 
649 to 656 In Figure 21, SEQ 20 Kos. C9, 70, "71 and 79, 
respectively) . A duplicate est ef t iiters vara probed vith 
two aeta (act 1-609, €10; aet 2-649-5656) ef probes aneoding 
two overlapping portions of OGF-2X 12. Hybridisation 
signals vere observed, but, only one clone hybridised to 
bath probe aets. ffhe clone (designated 6SF2BS1) vas 
purified. 

Southern blot analysis of OKA from the phage clone 
C5F2B31 confirmed that both sets of probes hybridised vith 
that bovine OKA sequence, and shoved further that both 
probes reacted vith the sane aet ©f OKA fragments vithin the 
clone. Based on those experiments a 4 Jcb Eeo HI 
sub-fregrent of the original clone vas identified, aubcloned 
end partially sequenced. Figure 22 shows the nucleotide 
sequence, ESQ 20 Ko. 89) and the deduced amino acid sequence 
of the initial OKA sequence readings that included the 
hybridization sites ef probes 609 and 650, and confirmed 
that a portion ef this bovine genomic OKA encoded peptide 12 

(KASLASSSEYK) • 

Further sequence analyais demonstrated that OGF-2X 
12 resided en a 56 amino acid open reading frame (see beiev) 
vhieh has become the starting point for the isolation ef 
overlapping sequences representing a putative bovine OGF-22 
gene and a cDKA. 



Several FCR procedures vere used to obtain 
additional ceding sequences for the putative bovine CGF-2I 
gene. Total RKA and eligo dT-seleeted (poly A containing) 
*KA saaples vere prepared frea bovine total pituitary* 
5 anterior pituitary, posterior pituitary, and hypothalamus. 
Using priaers frea the list shown in Figurs 23, SEft SD Nos. 
109-119, one-sided J>CR reactions (RACE) war* used to amplify 
cDKA ends in both the 3' and 5' directions, and anchored PCR 
reactions vere performed vith degenerate oligonucleotide 
10 priaers representing additional C6F-2X peptides. Figure 24 
sursarires the contiguous SKA structures and sequences 
obtained in those axperiaents. Froa the 3' RACE reactions, 
three alternatively spliced cDKA sequences vere produced, 
vhich have been cloned and sequenced. A 5' RACE reaction 
15 led to the discovery of an additional axon containing coding 
sequence for at least 52 aaino acids. Analysis of that 
dedueed aaino acid sequence revealed peptides GGF-2I-6 and a 
sequence siailar to CGF-2-18 (see below). The anchored *CR 
reactions led to the identification of (eDKA) coding 
20 sequences of peptides GGF-2I-1, 2, 3 and 10 contained vithin 
an additional cDKA segaent of 300 bp. The 5' liait of this 
segaent (i.e., segaent E, see Fig. 31) is defined by the 
oligonucleotide vhich encodes peptide CSF-22-1 and vhich vas 
used in the ?CR reaction (additional S' sequence data exists 
25 as described for the huaan clone in Exaaple 6). Thus this 
clone contains nucleotide sequences encoding six out of the 
existing total of nine novel CGF-2X peptide sequences. 

The cloned «ene vas characterised first by 
constructing a physical *ap of CGF2B51 that allowed us to 
30 position the coding sequences as they vere found (see 

below, Figure 25). SKA probes froa the coding sequences 
described above have been used to identify further DNA 
fragments containing the exons on this phage clone end to 
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identify clones that overlap in both directions. The 
putative bovine GSF-XX gene is divided into at least 5 
coding segaents. Coding segaents are defined as discrete 
lengths of DKA sequence vhieh can be translated Into 
5 polypeptide sequences using the universal genetic code. The 
coding segments described in figure 31 and referred to in 
. the present application are: 1) particular axons present 
vi thin the 6CF gene (e.g. coding segaent a) , cr 2) derived 
frcr sets ef two er aore axons that appear in specific *ub- 

20 groups ef bPXAs, vhere each set can be translated into the 
specific polypeptide segments as in the gene products shown. 
The polypeptide segaents referred to in the eleias are the 
translation products ef the analogous DKA eoding segaents. 
Only coding segaents A and B have been defined as axons and 

25 sequenced and capped thus far. The sussary ef the 

contiguous eoding sequences identified is shown in Figure 
26. The axons are listed (alphabetically) in the erder ef 
their discovery. It is apparent froa the intron/axen 
boundaries that axon B say be included in cDKAs that 

20 connect coding segaent £ and eoding segaent A. That is, 
exon B cannot be splieed out without cocproaising the 
reading fraae. Therefore, ve suggest that three 
alternative splicing patterns can produce putative bovine 
GGF-2I cDKA sequences 1, 2 and 3. The coding sequences ef 

25 these, designated GGF2BFF1 . CDS , GGF2BFF2.CDS and 

CGF2BFF3.CDS, respectively, are given in Figures 26a (SEC ZD 
Ko. 233) , 26b (SEC 2D No. 134), and 28c (SEQ ID No. 135), 
respectively. The deduced aaino aeid sequence ef the three 
cDKAs is also given in Figures 28a, (SEC ZD Ko. 233), 28b 

30 (SEQ ZD Ko. 234), and 28e (SEQ ZD Ko. 235). 

The three deduced structures encode proteins ef 
lengths 206, 281 and 257 aaino aeids. The first 183 
residues of the dedueed protein sequence are identical in 



all three gene products. At position 184 the done* differ 
significantly. A eodon for glycine OCT in GGF2BPF1 also 
serves as a splice donor for GCF2BPP2 and GGF2BPP3 , vhieh 
Alternatively add on axons C, C/D. C/D' and D or C, C/D and 
», respectively, and shown in figurs 33, SEQ ID Wo. 14»). 
GGFIXBPP1 is a truncated gene product vhieh is generated by 
reading past the coding segment A ipliee junction into the • 
following intervening sequence (intron). This represents 
coding segment A' in figure 31 (SW ID Wo. 140). The 
transcript ends adjacent to a canonical AATAAA 
polyadenylation aeguence, and we suggest that this truncated 
gene product represents a bona fide mature transcript. The 
ether two longer gene products share the sane 3' 
untranslated seguence and polyadenylation aite. 

All three of these molecules contain six of the nine 
raovel GGF-2X peptide sequences (see Figure 12) and another 
peptide is highly homologous to GGF-I-18 (see Figure 27). 
This finding gives a high probability that this recombinant 
roleeule encodes at least a portion of bovine GGF-IX. 
Furthermore, the calculated isoelectric points for the three 
peptides ere consistent with the physical properties of 
GGF-I and 12. Since the molecular site of GGF-2X is roughly 
€0 Xt>, the longest of the three cDHAs should encode a 
protein with nearly one-half of the predicted number of 
amino acids. 

A probe encompassing the B and A axons was labelled 
via PCR amplification and used to screen a cDNA library »ade 
from RXA isolated from bovine posterior pituitary. One 
clone (GGF2BPP5) ahoved the pattern indicated in figure 30 
and contained an additional ©NX coding segment (G> between 
coding segments A and C. The entire nucleic acid seguence 
is shown in figure 32 (SEC ID Ko. 148). The predicted 
translation product from the longest open reading frame ie 
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241 amino acids. A portion of a aeeond eDKA (MF2BPP4) vas 
also isolated froa the bovine posterior pituitary library 
using the probe described above. This clone ahoved the 
pattern indicated In figure 90. This elone ie Incosplata at 
the 5' and, but is a splicing variant In the sense that it 
lacks coding segments C and ©. BPP4 alao displays a «oval 
3' end vith regions E, K and L beyond region C/D. The 
sequence ef BFP4 is ahown in figure 34 (SEC ID Ho. 150). 

Database searching has not revealed any meaningful 
similarities between any predicted GGF translation products 
end known protein sequences. This auggests that GGF-2I is 
the first member ef a new family or euperfaaily cf proteins. 
In high stringency cross hybridization istudies (DNA blotting 
experiments) vith other mammalian DNAs ve have shown, 
clearly, that DNA probes froa this bovine re coabinant 
molecule can readily deteet specific eequenees in a variety 
cf samples tested. A highly homologous sequence la alao 
detected in human genoaie DNA. The autorediegraa la ahown 
in figure 29. The signals in the lanes containing rat and 
huran DNA represent the rat and huaan equivalents of the CGF 
gene, the sequences of several cDKA's encoded by this gene 
heve been recently reported by Holaes at al. (Science 25£: 
12 05 (1952)) and Van at al. (Cell ££: 559 (1992)). 

Ration ~* » g»g™*nce Encoding Human GSF2 

Several human clones containing sequences froa the bovine 
WF2I coding segment £ were isolated by acreening a buaan 
cDKA library prepared froa brain atea (Strategene catalog 
#935206). This strategy vas pursued based on the strong 
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link between most of the CGF2 peptides (unique to GGF2) and 
the predicted peptide sequence from clones containing the 
bovine £ segment. This library vas screened as described in 
Example 4, Section II using the oligonucleotide probes 914- 
5 919 listed below. 

914TCGGGCTCCATGAAGAAGATGTA(5&2 IJ> fsW; 
' 915TCCATGAAGAAGATGTACCTGCT \ > w0 : j$ 0 ) 

) *9 1 6 ATGTACCTGCTGTCCTCCTTGA [seQ, i» jsj 0 : t 1 \ ) 

^ 517 TTG AAG AAGG ACTCGCTGCTCA lb tf0:i«O 

^ 10 ri8AAAGCCGGGGGCTTGAAGAAC5e:Ci |1> NO; 1*3) 
^ 9 1 9 ATGARGTGTGGGCGGCGAAA L$QX 15 

Clones detected with these probes were further 
analyzed by hybridization. A probe derived from coding 
segment A (see Figure 21) , which was produced by labeling a 
15 polymerase chain reaction (PCR) product from segment A, was 
also used to screen the primary library. Several clones 
that hybridized with both A and E derived probes were 
selected and one particular clone, GGF2HBS5, was selected 
for further analysis. This clone is represented by the 
20 pattern of coding segments (EBACC/D'D as shown in Figure 

31) . The E segment in this clone is the human equivalent of 
the truncated bovine version of E shown in Figure 37. 
GGF2HBS5 is the most likely candidate to encode GGF-II of 
all the "putative" GGF-II candidates described. The length 
25 of coding sequence segment E is 786 nucleotides plus 264 
bases of untranslated sequence. The predicted size of the 
protein encoded by GGF2HBS5 is approximately 423 amino acids 



y 



(approximately 45 kilodaltons, see Figure 45, SEQ ID NO: 

Ho 

Jr6^) , which is similar to the size of the deglycosylated 
30 form of GGF-II (see Example 16). Additionally, seven of the 
GGF-II peptides listed in Figure 27 have equivalent 
sequences which fall within the protein sequence predicted 
from region E. Peptides II-6 and 11-12 are exceptions, 
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vhich fell in ending aegaent 8 and coding aegaent X, 
respectively. RKA encoding the GGF2KBS5 protein vas 
produced in an tr> vitro transcription systea driven by the 
bacteriophage T7 proaoter resident in the vector (Blueseript 
5 SK tstretagene Inc. J see figure 44) containing the GGF2HBS5 
insert. This *KA vet translated in a cell free (rabbit 
reticulocyte) trensletion systea and the site ef the protein • 
product vas 45 Kd. Additionelly, the cell-free product fees 
been assayed in a Schwann cell Otogenic assey to confix* 
10 biological activity. Sehvann cells treated vith conditioned 
»edius show both increased proliferetien as measured by 
incorporation of *"l-Uridine and phosphorylation cn 
tyrosine of a protein in the 185 kilodalton range. 
Thus the site of the produet aneoded by GGF2KBS5 and the 
15 presence of DKA sequences vhich encode huaan peptides highly 
hosologous to the bovine peptides shown in Figure 12 confirm 
that GGF2KBS5 encodes the huaan eguivelent ef bovine eSF2. 
The fact that conditioned aedie prepared frea cells 
trensforaed vith this clone elicits Schwann cell sitogenic 
20 activity cenfiras that the OSFIIHBS5 gene produee (unlike 
the B?P5 gene product) is secreted. Additionally the 
CG?IIE??5 gene product seeas to aediete the Schwann eell 
proliferation response vie a receptor tyrosine kinase such 
as plS5 ,rfeB2 or a closely related receptor (see Sxaaple 14). 



25 yXA-V?LT 7 

j^^ec*^ *>f Kur. p n Qfip^inant GGF2 in K^pHwn . PTI? iDfCfft 

The OGF2KBS5 cOKA clone aneoding human G5F2 (as 
described in Exaaple C and also referred to herein as BBSS) 
30 vas cloned into vector pet>I^SRa286 (TaXebe at al. Hoi. Cell. 
Biol. 8:466-472 (1988) and COS-7 cells vere transfected in 
100 sb dishes by the DLXE-dextran aethod (SaabrooX at al. 
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y.olecular Cloning: A Laboratory Manual 2nd ad. C6B 
laboratory Ktf (1989). Cell lysates or conditioned sedia 
froa transiently expressing COS etlU vera harvested at 3 or 
4 days post-transfection. To prepare lysates, call 
5 xonoleyers vara vashad vith FBS, scraped froa the dishes, 
lysed by three freeze/thav cycles in ISO «tl of 0.25 K Tris- 
BC1, pR S. Cell debris vas pelleted and the supernatant 
recovered. Conditioned oedia saaples (7 &1.) vera 
collected, then concentrated and buffer exchanged vith 10 ax 
10 Trie, pH 7.4 using Centiprep-10 and Centrieen-10 units as 
described by the aanufeeturer (Aaieon, Beverly, KX). Rat 
nerve Schwann cells were assayed for incorporation ef DKA 
synthesis precursors, as described (see £xaaple 3). 
Conditioned »edia or cell lysate sasples vere tested in the 
15 Schwann cell proliferation essay as described in Zxaaple 2. 
The uitogenic activity data are ahovn in Fig. 46. The cDKA, 
GGF2KBS5, encoding GGF2 directed the secretion cf the 
protein product to the aediua. A snail proportion cf total 
activity vas detectable inside the cells as determined by 
20 assays using cell lysates. GGF2HFB1 and GGFBPP5 cDNA's 
failed to direct the secretion of the product to the 
extracellular aediua. GGF activity froa these clones vas 
detectable only in cell lysates (Fig. 46). 

Recombinant GGF2 vas also expressed in CHO cells. 
25 The 05F2KBS5 cDKA encoding CGF2 vas cloned into the EcoRI 
site of vector pcdhfrpolyA (Fig. 54) and transf acted into 
the DKFR negative CHO cell line (0044) by the caleiua 
phosphate copreeipitation aethod (Crahaa and Van Dar Sb, 
Virology 52:456-467 (1973)* Clones vere selected in 
30 nucleotide and nucleoside free a aediua (Cibeo) in 96-vell 
plates. After 3 veekf, conditioned aedia samples froa 
individual clones vere screened for expression ef GGF by the 
Schwann cell proliferation assay as described in txanple 3. 
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Stable clones vhieh secreted significant levels ef GSF 
Activity into the medium were identified. Schwann eell 
proliferation activity data froa different voluae aliquot* 
ef CHO eell conditioned medium vere used to produce the dose 
5 response curve shovn In rig. 47 (ref. f Graham and Ven Def 
Xb, Virology 52s 456, 1973). This material vas analysed en a 
Western blot probed vith polyclonal antisera raised against 
a GCF2 specific peptide. A broad band of approximately 69- ' 
90 Kd (the expected site ef GGF2 extracted froa pituitary 

10 and higher molecular veight glyeeferas) is specifically 
labeled (Fig. 49, lane 12). 

Peeoabinant CGF2 vas also expressed in insect cells 
using Baeulovirus expression. Sf9 insact cells vere 
infected vith baeulovirus containing the G6F2KBS5 cDNA elene 

15 at a multiplicity ef 3-5 (10* cells/el) and cultured in 
Sf 900-21 medium (Cibeo). Sehwenn cell mitegenie activity 
vas secreted into the extracellular medium (Fig. 48). 
Different volumes cf insect cell conditioned medium vere 
tested in the Schwann eell proliferation assay in the 

20 absence ef forskolin and the data used to produee the dose 
response curve shovn in Fig. 48. 

This material vas also analyzed en a Western blot 
(Fig. 47) probed vith the GGF XX specific antibody described 
above. A band ef 45 Kd, the site ef deglycosylated GSF-XX 

25 (see Exaaple 16) vas seen. 

The methods used in this sxaaple vere as follows: 
f ebveaa eell mitogeaic activity ef ree&abiaeat buses 
aad bdviae glial grevtb faeUrs vas deteraiaed as follovs: 
Kitogenie responses ef cultured Schwann cells vere measured 

90 in the presence ef S pY* fersfcolin using crude recoabinant 
GGT preparations obtained froa transient mammalian 
expression experiaents. Incorporation ef l llI XJ -Uridine vas 
determined following an 18-24 hour exposure to materials 



obtained froa^ansf acted cr sock transfecft COS cells as 

described in the Bethods. The Bean and standard deviation 
ef four sets of data are shewn. The aitogenic response to 
partially purified native bovine pituitary CCF 
5 (carboxyaethyl cellulose fraction; Coodearl st al., 
submitted) Is shown (wrj as a standard ef one hundred 
percent activity. 

cDKAs (Pig. si) vere cloned into peDL-SRo296 (Takebe 
at al., Kol. Cell Biol. 8x466-472 (19BB)), and COS-7 cells 

10 vere transfected in 100 sa dishes ky the D£A£-dextran ftethed 
(Sa&broek at al. , 2n IfoJenjJar Cloning. A Laboratory #anual, 
2nd. ed. (Cold Spring Barbor Laboratory Press, Cold Spring 
Barber, FY, 1989)). cell lysates ©r conditioned aedia vsre 
harvested at 3 cr 4 days pest-transfection. To prepare 

15 lysates, cell aonoleyers vere vashed vith PBS, scraped frca 
the dishes, and lysed by three freexe/thav cycles in 150 #*1 
©f 0.25 K Tris-BCl, pR 8. cell debris vas pelleted and the 
supernate recevered. Conditioned aedia sa&ples (7 sis) vere 
collected, then concentrated and buffer exchanged vith 10 ssM 

20 Tris, pH 7.4 using Centriprep-10 and Centricon-10 units as 
described by the aanufeeturer (Aaieen, Beverly, BA). Rat 
sciatie nerve Schvann cells vere assayed for incorporation 
cf DKA synthesis precursors, as described (Davis and 
Stroebant, J. Cell Biol. 110:1353-1960 (1990),* Broekes at 

25 al., Brain Res. 165:105-118 (1979)). 

festers blots ef reee&bi&ast CIO cell conditioned 
atdiua vere perfersed as fellevs: A reeoabinant CH0 clone 
vas cultured in 7 si. cf BCDB3D2 protein-free aediua for 3 
days. 2 al ef conditioned aediua vas concentrated, buffer 

30 exchanged against 10 sK Tris-HCl, pH 7.4 and lyophilized to 
dryness. The pellet vas resuspended in SDS-PAGE saaple 
buffer, subjected to reducing SOS gel electrophoresis and 
analyzed by Western blotting vith a CSF peptide antibody. A 
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CHO control vas done by using conditioned sediua from 
untrensfected CHO-DG44 host and tht CHO EBS5 levels were 
essayed using conditioned aediua froa a recombinant clone. 



*yA_VPLE e 

S repletion ef Other Kuran gemaenc»« **l*t*6 to Tovine CSf 
She result in Examples 5 and € indicate that CSF related 
sequences froa huaan aources can also be easily isolated by 
using SKA probes derived froa bovine GGF eeguenees. 
Alternatively the procedure described by.Holaes at al. 

10 (Science ?56 t 1205 (1992)) can be used. In this axaaple a 
huaan protein (heregulin a) , vhieh binds to and activates 
the pl65 ,rfe " receptor (and is related to CSF), is purified 
froa a tuaor cell line and the derived peptide eeguenee is 
used to produce oligonucleotide probas vhieh vere utilised 

15 to clone the eDKA'e encoding heregulin. The biocheaical 
assay for pl85 ,rbB * receptor aetivation is distinguished 
froa Schwann cell proliferation. This is a aiailar approach 
to that used in exaaples 1-4 for the cloning ef CSF 
sequences froa pituitary cDNXs. The heregulin protein and 

20 ceapleaentary DKAs vere isolated froa tuaor cell lines 
eccerding to the following procedures. 

Ueregulin vas purified froa aediua conditioned by KDA-XB-231 
breast cancer cells (ATCC #HTB 26) grown on Percell 
Siolytiea ricrocarrier beads (Hyclone Labs). The »ediua (10 

25 liters) vas concentrated -25-fold by filtration through a 
aeabrane (10-XD cutoff) (Killipore) and clarified by 
centrifugation and filtration through a -filter (0.22 im). 
The filtrate vas applied to a heparin Sepharose coluan 
(Fharaacia) and the proteins vere eluted vith steps ef 0.3, 

30 0.6, and 0.9 K Had in phosphate-buffered aaline. Activity 
in the various chroaat ©graphic fractions vas aeasured by 
quantifying the increase in tyrosine phosphorylation of • 
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pl65 ,rb « ln Kcr . ? breft8t tuaer ctllg (XTCC g m 22). 
Kcr-7 cells vere plated in 24-vtll Cottar plates in 712 
(501) Dulbeeeo's siniaua essential sediua (50%) containing 
serua (10%) (io> calls par veil), and allowed to attach for 
5 at least 24 hours. Prior to assay, eells vara trans f erred • 
Into sediua without serua for a siniaua of 1 hour. Column 
fractions (io to 100 #<1) vara incubated for 90 sin. at 37*. 
Supernatant* vara than aspirated and the reaction vas 
stopped by the addition cf EDS-? AGE sample buffer 100 ail) • 

10 Samples vere heated for 5 sin. at 100*C, and portions (10 to 
15 til) vere applied to a tris-glycine gel (4 to 20%) 
(Kovex). After electrophoresis, proteins vere 
aleetrobletted onto a poiyvinylidenedifluoride (PVDF) 
seabrane and then blocked vith bovine serua albu&in (S%) in 

15 tris-buf fared saline containing Tveen-20 (0.05%) (TBS?) • 
£lots vere probed vith a aonoclenal antibody (1:1000 
dilution) to phosphotyrosine (Upstate Biotechnology) for a 
siniaua ef 1 hour at room temperature. Blots vere washed 
vith TBST, probed vith an antibody to souse immunoglobulin C 

20 conjugated to alkaline phosphatase (Fromega) (diluted 
1:7500) for a siniaua of 90 sin. at roos tesperature. 
£e active bands vere visualised vith 
5-broao-4-chlor©-3-ind©yl-l-phosphate and nitre-blue 
tetraroliua. Immunoblots vere scanned vith a Scan Jet Plus 

25 (Hewlett-Packard) densitometer. Signal intensities for 
unstipulated KCF-7 cells vere 20 to 30 units. Fully 
stimulated pl85 trbS2 yielded signals of 180 to 200 units. 
The 0.6 K KaCl pool, vhieh contained sost ef the activity, 
vas applied to a polyaspartic acid (FolyLC) column 

30 equilibrated in 17 sM sodium phosphate (pB €.8) containing- 
ethanol (30%). A linear gradient froa 0.3 K to 0.6 K KaCl 
in the equilibration buffer vas used to elute bound 
proteins. A peak ef activity (at -0.45 K KaCl) vas further 



fractionated en a C4 reversed-phase coluan (SynChropak RP-4) 
equilibrated in buffer containing TFA (0.1%) and 
eeetonitrile (15%) . Proteins vere eluted f roa this coluan 
vith an acetonitrile gradient froa 25 to 40% over 60 min. 
5 Fractions (1 »1) vere collected, assayed for activity, and : 
analyzed by EDS -PACE on tris-glycine gels (4-20%, Hove*). 
EFI/C-purif ied KRG-o vas digested with lysine C In SDS 
(0.1%), 10 »M dithiothreltol, 0.1 K KH 4 HCO a (pH i.O) for 30 
hours at 37 *C and the resultant fragments vere resolved on a 
10 Synehroa C4 coluan (4000A*, 0.2 by 10 ca). The eoluan vas 
equilibrated in 0.1% TFA and eluted vith a l-prepanol 
gradient in 0.1% TFA (W. J. Eentel, J. T. Stults, C. Bsu, t». 
V. Asvad, J. Biol. Chea. 21Lu «905 (1989)). Peaks froa the 
chroratographic run vere dried under vacuua and aequeneed. 
15 one of the peptides (eluting at -24% l-propanol) gave the 
sequence [A]XEKEKTF[C3VK&CDCFKVKDLXKP (SEC ID Ho. 162). 
Residues in brackets vere uncertain and an X represents a 
cycle in vhich it vas not possible to identify the aaino 
acid. The initial yield vas 8.5 paol and the sequence did 
20 not correspond to any known protein. Residues 1, 9, 15, and 
22 vere later identified in the cDKA sequence as cysteine. 
Direct sequencing of the -45-kD band froa a gel that had 
been overloaded and blotted onto a FVDF aeabrane revealed a 
low abundance sequence X£XKEtGH*)GKlG)XtG)XXXEXGXGtK) (SEQ 
25 2D Ho. 163) vith a very low initial yield (0.2 paol). This 
corresponded to aaino acid residues 2 to 22 of heregulin-a 
(Fig. 31), suggesting that serine 2 is the HH 2 -terainus of 
proKRG-o. Although the KH 2 tentinus vas blocked, it vas 
observed that occasionally a snail aaount of a noraally 
30 blocked protein aay not be post-transletionally modified. 
The KH 2 terminal essignaent vas confiraed by mass 
spectrometry of the protein after digestion vith cyanogen 
broride. The coOH-terainus of the isolated protein has not 



been definitely identified; however, fey aixture sequencing 
of proteolytic digests, the mature sequence does not appear 
to extend past residue 241. Abbreviations for amino 
residues are: A, Ala; C, Cys; ©, Asp; Z, Clu; T, Phe; C, 
5 Cly; H, His; 3, 21s? X, Xysj X, Xeu; X, Hat; V, Asn; P, Pro; 
Q, Gin; R, Argj S, Car; ?, Thr; V, Valf K, Trp; *nd Y, «yr. 
As a source of cDKA clones, an eligo(dT) -prised AgtlD (T. V. 
Euynn, R. A. Young, R. V. Davis, AgtiO and Agtll DNA Cloning 
Techniques: A Practical Approach, t>. Clover, Ed. (IRC 

10 Press, Oxford, (1984)) cDKA library vas constructed (U. 
cubler and B. J. Hoffman, Gene 2£, 263 (1983)) vith &RKA 
purified (J. K. Chirvin, A. £. Prsbyle, R. J. KaeDonald, K. 
J. Rutter, Biochemistry 1£, *294 (1579)) from KDA-KB-231 
cells. The following eightfold degenerate antisensa 

15 deoxyoligonucleotide encoding the 13-amino acid sequence 

AEXEKTFCVNGGE (SEfi ID No. 164) (13) vas designed en the basis 
of human codon frequency optima (R. Lathe, J. Hoi. Biol. 
163 . l (1985)) and chemically synthesited: 
5'-CTCGCC (G OR T) CC (A OR 0) TTCAC (A OR C) 

20 CAGAAGGTCTTCTCCTTCTCAGC-3' (SEQ ID Ko. 165). For the 
purpose of probe design a cysteine vas assigned to an 
unXnovn residue in the amino aeid sequence • The probe vas 
labeled by phosphorylation and hybridited under 
low-stringency conditions to the cDKA library. The proHRG-e 

25 protein vas identified in this library. KRS-B1 cDKA vas 
identified by probing. a second ©ligo(dT) -primed lgtiO 
library made from KDA-KB-231 cell bRKA vith sequences 
derived from both the 5' and 3' ends of proHRG-e. Clone 13 
(Fig. 2A) vas a product of screening a primed 

30 (5'-CCTCGCTCCTTCTTCTTGCCCTTC-3' primer (SEQ ID Ho. 166) f 
proKRG-a antisense nucleotides 33 to 56) KDA-KB-231 lgtlO 
library vith 5' KRG-a sequence. A sequence corresponding to 
the 5' end of clone 13 as the probe vas used to identify 
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proKRGB2 and proHRGB3 in a third ©ligo(dT)-priaed IgtlO 
library derived froa KDA-XB-231 eell aRKA. Tv© epKA clones 
encoding tech of the four ERGs were sequenced (P. Sanger, S. 
Xilken, A. R. Coulson, Proe. Hati. Aead. Sel.TJ.S.A. 2i» 
1977]). Another cDNA designated clone 84 has an amino acid : 
sequence identical to preHRGB2 through aain© add 420. A 
atop codon at position 421 la followed by a different 
3' -untranslated aequence. 

isolation » rurther Splitting Variant 

The aethods in Example 6 produced four closely related 
sequences (heregulin a, 11, »2, *3) whieh arise as a result 
cf splicing variation. Peles at al. (Cell 1£, 205 (1992)), 
and Ken et al. (Cell £1, 559 (1992)) have Isolated another 
splicing variant (froa rat) using a aiailar purification and 
cloning approach to that described in Cxaaples 1-4 and 6 
involving a protein which binds to pl85 ,rb82 . The cDNA 
clone vas obtained as follows (via the purification and 
sequencing of a pl85» rb82 binding protein froa a transforaed 
rat fibroblast cell line). 

A plE5 erbB2 binding protein vas purified froa conditioned 
rediun as follows. Pooled conditioned aediua froa three 
harvests of 500 roller bottles (120 liters total) was 
cleared by filtration through 0.2 fi filters and concentrated 
31-fold with a Pelieon vltra filtration aystea using 
aerbranes with a 20kd aoleeular site cutoff. All the 
purification steps vere perforaed by using a Pharaaeia fast 
protein liquid chroaatography systea. The concentrated 
aaterial vas directly loaded on a coluan of 
heparin-Sepharose (150 al, preequllibrated with 
phosphate-buffered saline (PBS)). The coluan vas washed 

- 75 - 



J 



vith PBS containing 0.2 K KaCl until no absorbance at 260 xm ' 
wavelength could be detected. . Sound protein* vere then 
eluted vith a continuous gradient (250 al) of KaCl (froa 0.2 
K to 1.0 K) t and 8 al "fractions vere collected. Samples 
5 (0.01 al of the collected fractions vere used for the 
quantitative Assay of the kinase stimulatory activity. 
Active fractions froa three eolunn runs (total voluae • 360 
si) vere pooled, concentrated to 25 al by using a YK10 
ultrafiltration aeabrane (Ami eon, Danvers, XA) , and ammonium 

10 sulfate vas added to reach a concentration of 1.7 K. After 
clearance by centrifugetion (10,000 x g, 15 ain.), the 
pooled material vas loaded on a phenyl-Superose eoluan 
(KR10/10, Pharmacia). The column vas developed vith a 45 al 
gradient cf (KH 4 ) 2 S0 4 (froa 1.7 K to no salt) in 0.1 M 

15 Ka 2 P0 4 (pH 7.4), and 2 al fractions vere collected and 
essayed (0.002 al per sample) for kinase stimulation (as 
described in Example €). The major peak of activity vas 
pooled and dialyzed against 50 aH sodium phosphate buffer 
(pH 7.3). A Kono-S cation-exchange column (KR5/5, 

20 Pharmacia) vas preequilibrated vith 50 aM sodium phosphate. 
After loading the aetive aaterial (0.684 ag of protein; 35 
al) , the coluan vas vashed vith the starting buffer and then 
developed at a rate of 1 al/ain. vith a gradient of Had. 
The kinase stiaulatory activity vas recovered at 0.45-0.55 K 

25 salt and vas spread over four fractions of 2 al each. These 
vere pooled and loaded directly en a Cu 42 chelating columns 
(1.6 al, KR2/5 chelating Superose, Pharmacia). Host of the 
proteins adsorbed to the resin, but they gradually eluted 
vith a 30 al linear gradient of ammonium chloride (0*1 K). 

30 The activity eluted in a single peek of protein at the range 
of 0.05 to 0.2 K KH 4 C1. Samples froa various steps of 
purification vere analyzed by gel electrophoresis followed 
by silver staining using a kit from 2CN (Costa Kesa, CA) , 




end their protein contents were determined vith a Cooaassie 
blue dye binding assay using a kit xroa Bio-Rad (Riehaond, 
CA) . 

The p« protein (10 jjg) vas reconstituted in 200 jil of O.l K 
5 arroniua bicarbonate buffer (pB 7.8). Digestion was 

conducted vith L-l-tosyl-aaide 2-phenylethyl chleroaetbyl 
ketone-treated trypsin (Serve) at 37 'C lor 18 hr. at an 
enzyae-to-substrate ratio of mo. The resulting peptide 
sixture vas separated by reverse-phase EPLC and soniterad at 

10 215 na using a Vydae C4 sicro coluan (2.1 bb i.d. x 15 cs, 
300 A) and an BP 1090 liquid ehroaatographie systea equipped 
vith a diode-array detector and a vorkstetion. The coluan 
vas equilibrated vith 0.11 trifluoroaeetie aeid (aobila 
phase A) , and alution vas affected vith a linear gradient 

15 frea 01-55* aobile phase 8 (901 acetonltrile In 0.1% 

trifluoroaeetie aeid) over 70 sin. The flow rate vas 0.2 
sl/sin. and the coluan temperature vas controlled at 25*C. 
One-third aliquots of the peptide peaks collected sanually 
froa the HFLC systea vere characterised by H-terainal 

20 sequence analysis by Edaan degradation. The fraction eluted 
after 27.7 sin. (T27.7) contained sixed aaino acid sequences 
and vas further rechroaatographed after reduction as 
follows: A 70% aliquot of the peptide fraction vas dried in 
vacuo and reconstituted in 100 jil of 0.2 K aaaoniim 

25 bicarbonate buffer (pH 7.8). OTT (final concentration 2 &K) 
vas added to the solution, which vas then incubated at 37 'C 
for 30 sin. The reduced peptide sixture vas then separated 
by reverse-phase EPLC using a Vydae coluan (2.1 ss i.d. x 15 
cb) . Elution conditions and flow rat'vere identical to 

30 those described above. Aaino acid sequence analysis of the 
peptide vas performed vith a Model 477 protein sequencer 
(Applied BiosyBtere, Inc., Foster City, CA) equipped vith an 
on-line phenylthiohydantoin (PTH) aaino acid analyzer and a 



Kodel 500 data analysis system (Hunkapilier at al.. (1M6) X» 
ythode cf Prattl* Mie*»»«w» e f rltatlon. J.E. Shively, *d. 
(Clifton, Hew Jersey: Buaana Press p. 222-247). The protein 
vas loaded onto a trifluoreaeetie aeid-treated glass fiber 
5 disc precycled vith polybrene end Had. She PTH-aaine aeid 
analysis vas performed vith a micro liquid chromatography 
system (Model 120} using dual ayringe pumps and 
reverse-phase (C-18) narrow bore columns (Applied 
Biosystems, 2.1 ss x 250 mm). 
10 RXA vas isolated Iron Rati-EJ cells by standard procedures 
(Kaniatis et al., Kolecular Cloning: A Laboratory Kanual 
(Cold Spring Harbor, Kev York (1982) and poly (A)* vas 
selected using an rnRHA Separator kit (Clontech Lab, Inc., 
Palo Alto, CA). cDNA'vas synthesiied vith the Superscript 
15 kit (from BRL Life Technologies, Inc., Bethesda, KD). 

Colusn-fractionated double-strand eDKA vas ligated into an 
sail- and h'otl-digested.pJT-2 plasmid vector, a derivative 
cf the pCD-X vector (Okeyama and Berg, Hoi. Cell Biol. 2: 
280 (1963)) and transformed into DH10B £. cells by 

20 electroporation (Dover «t el., Hud. Acids Res. 1£: €127 
(1988)). Approximately 5 x 10 s primary transformants vere 
screened vith- two oligonucleotide probes that vere derived 
from the protein sequences cf the H^terminus of VDT 
(residues 5-24) and the T40.4 tryptic peptide (residues 
25 7-12). Their respective sequences vere as follows (K 
indicates all 4 at): . 

(1) 5' -ATA OC6 AA6 66C CSS CSA ASS CTC WCC CTC HSC 
A T 

AOS OCC COO CTT CCC TCT CSA CCC TCT-2' 
30 (2) 5'-TTT ACA CAT ATA TTC WCC-3' 
C C 6 C 
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(It 6EQ 2D No. 167; 2t 8EQ ID Ho. 166) 

The synthetic oligonucleotides vere and-labeled vith 
(Y- 32 PJATP vith T4 polynucleotide kinase and used to screen 
replicate sets of nitrocellulose filters. The hybridisation 
5 solution contained 6 * SSC, 50 «K sodium phosphate (pH 6.8),* 
0.14 sodiua pyrophosphate, 2 x Banhardt's solution, SO #»g/al 
saloon spera DXA, and 30% fermamide (for probe 1) or a© 
fermamide (for probe 2). The filters vere vashed at either 
SO'C vith 0.5 x SSC, 0.2% SDS, 2 BK EDTA (for probe 1) or at 

10 37 *C vith 2 x SSC, 0.2% SDS, 2 «M SDTA (for probe 2). 
Autoradiography of the filters gave ten clones that 
hybridized vith both probes. These clones vere purified by 
replating and probe hybridisation as described above. 
The cDKA clones vere sequenced using an Applied Biosystams 

15 3 73 A automated DKA sequencer and Applied Biosystems Tag 
EyeDeoxy* Terminator cycle seguencing kits following the 
manufacture's instructions. Zn soae instances, sequences 
vere obtained using l 3s S)dATP (Amersham) and Sequenase* kits 
from U.S. Biochemieals folloving the manufacturer's 

20 instructions. Both strands ef the cDKA clone 44 vara 

sequenced by using synthetic oligonucleotides as primers. 
The sequence of the sost 5' 350 nt vas determined in seven 
independent cDNA clones. The resultant clone demonstrated 
the pattern shown in figure 30 (KDF). 

25 '• EXAMPLE 10 

Strategies for Detecting Other Possible Bp Hc^a VnrimvAm 
Alignment of the deduced amino acid sequences of the cDKA 
clones and PCR products ef the bovine, and the published 
human (Fig. 31} and ret sequences show a high level ef 

30 similarity, indicating that these sequences ere derived from 
homologous genes within the three species. The variable 
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number of messenger RKA transcripts detectable at the 
eDKA/PCR product level Is probably due to- extensive . 
tissue-specific splicing. The patterns obtained and shown 
in Figure 30 suggests that ether splicing variants exist. A 

5 list ef probable splicing variants is indicated in Figure 
37. Kany ef these variants can be obtained by coding 
segment specific probing ef eDKA libraries derived frea 
different tissues and by *CR 'experiments using primer pairs 
specific to particular coding segments. Alternatively, the 

10 variants ean be assesbled from specific cDKA clones, PCR 
products er genomic DKA regions vie cutting and splicing 
techniques known to ene skilled in the art. Tor example, a 
rare restriction enryme cutting site in a common coding 
segment (e.g.. A), can be used to connect the FBA amino 

15 terminus of GGF2BFP5 to carboxy terminal sequences ef 

GGF2EPP1, GGFBPP2, GGFBPP3 , or GGFBPP4. If the presence er 
the absence of coding segment £ and/or C provide benefit for 
contemplated and stated uses, then these coding segments can 
be included in expression constructs. These variant 

20 sequences can be expressed in recombinant systems and the 

recombinant products can be assayed to determine their level 
of Schwann cell mitogenie activity as veil as their ability 
to bind and activate the pl85 ,rbB2 receptor. 

EXX.VPLE 11 

j*»»yff fjeation ef Functio nal Elements of CGP 
The deduced structures ef the family ef GCF 
sequences indicate that the longest forms (as represented by 
C-3F2BPP4) encode trensnembrene proteins vh ere the 
extracellular part contains a domain which resembles 
epidermal growth factor (see Carpenter and Vahl in Peptide 
Growth Factors and Their Receptors I pp. 69-133, 
Springer-Verlag, HY 1991). The positions of the cysteine 
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residues in coding segments C and C/D or C/D' peptide 
sequence are conserved vlth respect to the analogous 
residues In the epideraal growth factor (EGF) peptide 
sequence (see Figure 35, SEQ ID Kos. 151-153). This 

5 suggests that the extracellular doaain functions as receptor- 
recognition and biological activation sites. Several of the 
variant fonts lack the E, T, and L coding segaents and thus 
ray be expressed as secreted, diffusible biologically active 
proteins. GGF DKA sequences encoding polypeptides vhich 

10 encoapass the EGF-like doaain (EGFL) can have full 

biological activity for stiaulating glial cell aitogenie 
activity. 

Kesbrane bound versions of this protein »ay Induce 
Schwann cell proliferation if expressed on the surface of 
15 neurons during eabryogenesis or during nerve regeneration 
(where the surfaces of neurons are intiaately associated 
with the surfaces of proliferating Schwann cells). 

Secreted (non »esbrane bound) OGFs aay act as 
classically diffusible factors vhich can interact vith 
20 Schwann cells at soae distance froa their point of 

secretion. Other forms say be released froa intracells by 
sources via tissue injury and cell disruption. An exaaple 
of a secreted CSF is the protein encoded by CGF2KBS5 (see 
exaaple e); this is the only CGF known vhich has been found 
25 to be directed to the exterior of the cell (exaaple 7). 

Secretion is probably mediated via an K-terainal hydrophobic 
sequence found only in region £, vhich is the H-terainal 
docain contained vithin recoabinant GGF-IX encoded by 
C-GF2KBS5e 

30 Other GGF's appear to be non-secreted (see exaaple 

6) . These GGFs say be injury response f oras vhich are 
released as a consequence of tissue daaage. 
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ether regions of the predicted protein structure ef 
GCF-XX -(encoded by. CSF2KB55) and ether proteins containing 
regions B and A exhibit similarities to the toucan baseaent 
aeabrane heparin sulfate proteoglycan core protein (Kallunk, 
*. and Tryggvason, T», Cell Biology Vol. 116, p. S59-S71 
(1992)). The peptide ADSGEY, vhich is located next to the 
second cysteine ef the C2 iaaunoglebulin fold in these 
CCF's, occurs in nine ef twenty-two c-2 repeats found in 
that basal laaina protein. This evidence strongly suggests 
that these proteins aay associate with aatrix proteins such 
as those associated with neurons and glia, and say suggest a 
aethod for sequestration ef glial grevth factors at target 
sites. 

EXAMPLE 12 

Purification o f CSFs fron Recombinant Cells 
In order to obtain full length or portions ef CSFs 
to assay for biological activity, the proteins can be 
overproduced using cloned DNA. ' Several approaches can be 
used. A recombinant £. coli cell containing the sequences 
20 described above can be constructed. Expression systems such 
es pKK8a or pHKl6a (Strategene, Xnc.) can be used for this 
purpose by following manufacturers procedures. 
Alternatively, these sequences can be inserted in a 
ramsalian expression vector and an overproducing cell line 
25 can be constructed. As an example, for this purpose SKA 
encoding a CGF, clone GGF2BFF5 has been expressed in both 
COS cells and Chinese hamster every cells (see Example 7) 
(J. Biol. Chea. 212, 3521-9527, (1981)). This vector 
containing CGF DNA sequences can be transfected into host 
30 cells using established procedures. 

Transient expression can be examined er 
G416-resistant clones can be grown in the presence ef 
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aethotrexate to select for eellt that aapllfy the dhfr gene 
(contained en the pXSXND vector) and, In the process, 
co-aaplify the adjacent GOT protein ancoding aeguenee. 
Because CHO cell* can be maintained In ft totally aerua-free, 
5 protein-free aediua (Haailton and Baa, Xn Vitro 21, 837-547 
(1977)), the desired protein can be purified froa the 
aediua. Vestem analysis using the antisera produced in 
Exazple 9 can be used to detect the presence ©f the desired 
protein In the conditioned aediua ©f the overproducing 
20 cells. 

The desired protein (rGGF-JX) was purified froa the 
aediua conditioned by transiently axpressing COS cells as 
follows. rGGF-II vas harvested froa the conditioned aediua 
and partially purified using Cation Exchange Chroaatography 
15 (P0R0S-KS). The coluan vas e?uilibrated vith 33.3 aM KES at 
pH 6.0. Conditioned aedia vas loaded at flow rate of 10 
rl/ain. The peak containing Schwann cell proliferation 
activity and iaaunoreaetive (using the polyclonal antisera 
vas against a GGF2I peptide described above) vas aluted vith 
20 50 &K Tris, IK HaCl pH 8.0. (Figure 50A and 50B 
respectively) . 

rGGF-2I is also expressed using a stable Chinese 
Kazster Ovary cell line. rGGF-21 froa the harvested 
conditioned aedia vas partially purified using Cation 
25 Exchange Chroaatogreph (FOROS-BS). The coluan vas 

ejuilibrated vith PBS pH 7.4. Conditioned aedia vas loaded 
at 10 al/ain. The peak containing the Schwann Cell 
Proliferative activity and iaaunoreactivity (using GGFII 
polyclonal antisera) vas aluted vith 50 aK Hepes, 500 aH 
30 KaCl pH 8.0. An additional peak vas observed at 50 aK 
Kepes, IK KaCl pH 8.0 vith both proliferation as veil as 
ianun ore activity (Fig. 51). 
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rWF-XX can be further purified using Hydrophobic 
Interaction Chromatography as e high resolution step; Cation 
Exchange/Reverse phase Chromatography (if needed as second 
high resolution step); a viral inaetivation step and a £>KA . 
5 reaoval step such as Anion Exchange ehrosatography. 

Detailed description ef procedures used are as 
follows: 

Schwann Cell Proliferation Activity ef the 
recombinant GGF-XX peak eluted from the Cation Exchange 

10 column vas determined es follows: Kitegenie responses ef 
the cultured Schwann cells vere measured in the presence ef 
5 UK f orskolin using the peak eluted by 50 sK Trie l K KaCl - 
pH e.O. The peak vas added at 20 1, 10 1 (1:10) 10 1 and 
(1:100) 10 1. Incorporation of 12E I-Uridine vas determined 

15 and expressed as (C?K) following an 16-24 hour exposure. 

An imsunoblot using polyclonal antibody raised 
against e peptide of GGF-XI vas carried out as follows: 10 
til of different fractions vere run en 4-121 gradient gels. 
The gels vere transferred on to Kitroeellulose paper, and 

20 the nitrocellulose blots vere blocked with 5% BSA end probed 
vith GGF-XI-specifie antibody (1:250 dilution). "'l 
protein A (1:500 dilution, Specific Activity « s.O/ci/g) vas 
used as the secondary antibody. The lcaunoblots vere 
exposed to Xodax X-Ray files for € hours. The peak 

25 fractions eluted vith 1 K KaCl shoved a broad i am un ore active 
band at €5-90 Kd which is the expected site range for GGFXX 
and higher molecular weight glycoforas. 

GGF-XX purification en cation exchange columns vas 
performed as follows: CH0 cell conditioned media expressing 
30 rCGFXX vas loaded on the cation exchange column at 10 

ml/min. The column vas equilibrated vith PBS pH 7.4. The 
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elution vas achieved vith SO «X Eepes 500 mH NaCl pB t.O and 
50 mX Kepes IX KaCl pH 9.0 respectively. All fractions were 
analyzed using the Schwann cell proliferation assay (CSV) 
described herein. The protein concentration (mg/ml) vas 
5 determined by the Bradford assay using BSA as the standard. ' 
A Western blot using 10 jtl of each fraction vas 
per forced. As indicated in Figure 51A and 51B, 
immunoreactivity and the Schwann cell activity co-migratas. 
The Schwann cell nitogenic assay described herein 

20 say be used to assay the expressed product of the full 
length clone or any biologically active portions thereof. 
The full length clone GGF2BPF5 has been expressed 
transiently in COS cells. Intracellular extracts of 
transfected COS cells show biological activity vhen assayed 

25 in the Schwann cell proliferation assay described in Example 
1. In addition, the full length close encoding CCF2KBS5 has 
been expressed stably in CHO and insect viral systems 
(Example 7) cells. In this ease both cell extract and 
conditioned media show biological activity in the Schwann 

20 cell proliferation assay described in Example 2. Any member 
of the family of splicing variant complementary DNA's 
derived from the GSF gene (including the Keregulins) can be 
expressed in this manner and assayed in the Schwann cell 
proliferation assay by one skilled in the art. 

25 Alternatively, recombinant material may be isolated 

from ether variants according to Ken at el. (Cell ££, 559 
(1992)) vho expressed the splicing variant Keu 
differentiation factor (NDF) in COS-7 cells. cDKA clones 
inserted in the pJT-2 euXaryotic plasmid vector are under 

3D the control ef the SV40 early promoter, and are 3'-flanXed 
vith the 6V40 termination and polyadenylation signals. 
COS-7 cells vere transfected vith the pJT-2 plasmid DNA by 
electroporation as follows: € x 10* cells (in 0.8 ml of 



DKEK and 10% FEBS) vere trans f erred to I 0.4 ca cuvette and 
mixed vith 20 j»g of plesaid DNA in 10 pi of T£ solution (10 
mx Tris-HCl (pH S.0}, 1 mH EDTA). Ilectroporatien vae 
performed at rooa teaperature mt 1600 V and 25 jiF using a 
5 Bio-Red Gene Pulser apparatus vith the pulee controller unit- 
set at 200 ohms. The cells vere then diluted into 20 ml of 
r>KEK # 10% TBS and transferred into a T75 flasX (Falcon). 
After 1« hr. of incubation at 37 'C, the medium vas replaced 
vith DKEK, 1% FBS, and the incubation continued for an 
10 additional 48 hr. Conditioned medium containing recombinant 
protein vhich vas harvested from the cells demonstrated 
biological activity in a cell line expressing the receptor 
for this protein'. This cell line (cultured human breast 
carcinoma cell line AU $65) vas treated vith recombinant 
15 material. The treated cells exhibited a morphology change 
vhich is characteristic of the activation of the »rbB2 
receptor. Conditioned medium of this type also can be 
tested in the schvann cell proliferation assay. 

20 purification and Assay of O ther Protege vhich bind 

?. Purification o f 

Lupu at al. (Scienee 2A1, 1552 (19*0)) and Uppman 

and Lupu (patent application number PCT/US91/03443 (1990)), 
25 hereby incorporated by reference, have purified a protein 

from conditioned media of a huaan breast cancer cell line 

KDA-KB-231, as follOVS. 

Conditioned media collections vere carried using 

vell-Xnovn procedures. The media vas concentrated 100-fold 
30 in an Ar-ieon ultra-filtration cell (YK5 membrane) (Aaicon, 

Danvers, KA) • Once clarified and concentrated, the media 

vere stored at -20«C vhile consecutive collections vere made 



during the following days. The concentrated aedia vera 
dialyzed using Spectra/por« 3 tubing (Speetrua Xedieal 
Industries, Los Angeles, CA) against 100 voluaes ef 0.1 K 
acetic acid ever a two day period at 4'C. The saterial that^ 
precipitates during dialysis vas reaoved by eentrifugation 
at 4000 rpa for 30 «i». at 4'C; protease inhibitors vara 
added. The clarified saaple vas then lyophilitad. 

Lyophilited conditioned aediua vas dissolved In 1 H 
acetie acid to a final concentration of about 25 ag/al total 
protein. Insoluble aeteriel vas re&oved by eentrifugation 
at 10,000 rpa for 15 ainutes. The saaple vas then loaded 
onto a Sephadex O-100 eoluan (XK 16, Pheraaeia, Fiseatavay, 
KJ) , vas equilibrated and vas subjected to alution vith 1 M 
acetic acid at 4*C vith an upward flow ef 30 al/hr. 100 »g 
of protein vas processed froa 4 al ef 100-fold concentrated 
aediun. Fractions' containing 3 al ef eluate vera 
lyophilired and resuspended in 300 *j1 FBS for assay and 
served as a source for further purification. 

Eephedex G-100 purified aaterial vas run en 
reversed-phese high pressure liquid chroaatography (HPLC) . 
The first step involved a steep acetonitrile gradient. 
Steep acetonitrile gradient and all ether HPLC steps vara 
carried eut at rooa teaperature after equilibration ef the 
C3-Pevereed phase eoluan vith D.05% TFA (Trifluoroaeatie 
acid) in vater (KFLC-grade) . The saaples vera loaded and 
fractions yere aluted vith a linear gradient (0-45% 
acetonitrile in 0.05% TFA) at a flow rate ef 1 al/ain. ever 
a 30 ainute period. Absorbance vas aonitored at 250 im. 
One al fractions vere collected and lyophilited before 
analysis for EGF reeeptor-conpeting activity. 

A second HPLC step involved a shallow acetonitrile 
gradient. The pool of active fractions froa the previous 
KPLC step vas rechroaatographed over the same column. 

- 87 - 



Elution vas perforata vith a 0-181 acetonitrile gradient In 
0.051 TFA ever a B minute period followed by" a linear 18-45% 
acetonitrile gradient in 0.051 TFA over a 30 ainute period. 
The flow rate vas l.o *l/ain. and 1 *1 fractions vera 
S collected. Buaan TGFe-liJce factor vas eluted at a 30-321 : 
acetonitrile concentration as a single pea* detectable by 
SRA. 

Lupu at al. (Proc. Katl. Acad. Sel. 12, 2287 (1892)) 
purified another protein vhich binds to the pies**" 2 

10 receptor. This particular protein, p75, vas purified froa 
conditioned aediua used for the growth cf SXBr-3 (a buaan 
breast cancer cell line) propagated in improved Eagle's 
rediua (ZKEK: CIBCO) supplemented vith 101 fetal bovine 
serua (OIBCO) . Protein p75 vas purified froa concentrated 

15 (100X) conditioned aediua using a pl85 ,rbM affinity eoluan. 
The 8< Xilodalton extracellular deaain of pies**" 2 (vhich 
binds p75) vas produced via recoabinant expression and vas 
coupled to a polyeeryleaide hydra z id o-Seph arose affinity 
chroaatography aatrlx. following coupling the satrix vas 

2 0 washed extensively vith ice cold 1.0 K HC1 and the beads 
were activated vith 0.5 K HaJ70 2 . The teaperature vas 
raintained at 0'C for 20 ainutes and this vas followed by 
filtration and washing vith ice cold 0.1 K BC1. 500 ml of 
concentrated conditioned sediua vas run through the beads by 

25 gravity. The eoluan vas vashed and eluted stepwise vith 1.0 
K citric acid at pH values froa 4.0 to 2.0 (to allow 
dissociation ef the erbB2 and p75). .All fractions vere 
desalted on Fharaaeia PD10 col urns. Purification yielded a 
hosogeneous polypeptide ef 75k0a at 3.0-3.5 elution pB 

30 * (confirmed by analysis on SDS/FAGE by silver staining). 
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11. Eindino ef pt> 30 to ttiegTbg? 

The purified gp30 protein vas tested in an assay to 
determine it It bound to pl85*? bB2 « A coapetition assay 
vith a monoclonal antibody against pl85 ,rM2 . The gp30 
S protein displaced antibody binding to pl85 ,rb>2 in' SX-Bft-3 
and XDX-XB-453 cells (huaan breast earcinoaa cell linas 
expressing the plE5 ,rbB2 receptor). Sehvann eall 
proliferation activity ef gp30 ean also be deaonstrated by 
treating Schwann cell cultures vith purified gp30 using the 
10 assay procedure described in Examples 1-3. 

TTT. Binding ef r>fS to tMES*'*" 

To assess whether the 75-kDa polypeptide (p75) 
obtained from SKBr-3 conditioned aediua vas indeed a ligand 
for the erbB2 oncoprotein in SKBr-3 cells, a coapetition 

15 assay as described above for gp30 vas used. It vas found 
that the p75 exhibited binding activity, vhereas saterial 
froa other chroaatography fractions did not show such 
activity (data not shown). The flow-through saterial shoved 
sore binding activity. This night be due to the presence of 

20 shed erb52 SCD. 

TV. Other r>lfi S* rbB2 Upends 

Peles et al. (Cell £1, S05 (1592)) have also 
purified a lB5 ,rbB2 stinulating ligand fros rat cells, (NDF, 
see Exarple S for method). Koines at al. (Science 256 . 1205 

25 (1992)) have purified Reregulin e froa huaan cells which 
binds and stiaulates 185 ,rbM (see axaapla €)• Tarafcovsky 
et al. Oncogene 6:218 (1991) have deaonstrated bending ef a 
25 kD polypeptide isolated froa activated aacrophages to the 
Keu receptor, a pl85 trbM hoaology, herein incorporated by 

30 reference. 
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VI. KPF Teolatlcn 

Yerden and Ptlts (Biochemistry 1£, 3543 (1991)) fcave 
Identified a 35 kllodalton glycoprotein which vill atlaulate 
the iS5 ,rb82 receptor. The protein was Identified In 
5 conditioned sedium according to the following procedure. 
&&t I-LJ cells vere grown to confluence . in 175-es 2 ilaaks 
(Falcon) • Honolayers vere washed with PBS and left In 
serum-free sediua for 10-16 h. The aediua vac discarded and 
replaced by fresh serum-free medium that vac collected after 

10 3 days in culture. The conditioned sedium vas cleared by 
low-speed centrifugation and concentrated 100-fold in an 
Arieon ultrafiltration cell vith a YK2 aeabrane (molecular 
weight cutoff of 2000). Biochemical analyses ef the seu 
sticulatory activity in conditioned nediua indicate that the 

15 ligand is a 35-XD glycoprotein that it is heat stable but 
sensitive to reduction. The faetor is precipitable by 
either high salt concentrations er acidic alcohol. Partial 
purification cf the aoleeule by selective precipitation, 
heparin-agarose chromatography, and gel filtration in dilute 

20 acid resulted in an eetive ligand, which is capable ef 

stimulating the pretooncogenic receptor but is ineffective 
on the oncogenic neu protein, which is constitutively 
active. The purified fraction, however, retained the 
ability to stimulate also the related receptor for EGF, 

25 suggesting that these two receptors are functionally coupled 
through a bidirectional sechanism. Alternatively, the 
presumed ligand interacts simultaneously vith both 
receptors. The presented biochemical characteristic of the 
factor cay be used to enable a completely purified faetor 

30 vith which to explore these possibilities. 

In other publications, Davis et al. (Bioehen. 
Biophys. Pes. Commun. 22£» 1536 (1991) , Froe. Katl. Acad. 
Sci. Il# 8562 (1991) and Greene et al., *CT patent 
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application FCT/US9 1/02331 (1990)) describe the purification 
cf a protein froa conditioned medium ef a human T-eeli 
(ATL-2) cell lina. 

ATL-2 cell line is an XL-2-independent ETLV-l (♦) t 
cell line. Kycoplasn-free ATL-2 cells vera maintained in 
*PKI 164 0 medium containing 101 TCS as the culture medium 
(101 FCS-RFKI 1640) at 37 'c in a humidified atmosphere vith 
51 C0 2 . 

For purification cf the proteinaeeous substance, 
ATL-2 cells vere vashed twice in 1 x PBS and cultured at 3 x 
10 s ml in serua-free RPKI 1640 medium/2 mK L-glutaaine for 
seventy-two hours followed by pelleting of the cells. The 
culture supernatant so produced is termed "conditioned 
medium" (C.K.). 

C.K. vas concentrated 100 fold, froa 1 liter to 10 
ml, using a VK-2 Diafl© membrane (Amieon, Boston, KA) with a 
lOOOd cutoff. For use in aoae assays, concentrated C.K. 
containing components greater than 1000 KV vere rediluted to 
original volume vith RPKI medium. Gel alectropheresis using 
a polyacrylaaide gradient gel (Integrated Separation 
Systems, Hyde Park, KD er Phorecast System by Aaershaa, 
Arlington Heights, IL) followed by silver staining of soae 
cf this two column purified material froa the one liter 
preparation revealed at least four to five bands cf vhieh 
the lOkD and 20kD bands vere unique to this material. 
Fussed C.K. containing coaponents less than 1000 KK vera 
used vith out dilution. 

Concentrated conditioned medium vas filter 
sterilized vith a «45p uniflo filter (Schleicher and 
Schuell, Keene, KH) and then further purified by application 
to a DLAE-SW anion exchange column (Waters, Inc., Hi If or d, 
KA) which had been preeguilibrated vith lOaK Tris-Cl, pH 8.1 
Concentrated C.K. proteins representing one liter of 
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original ATL-2 conditioned sediun per HPLC run vere absorbed 
to the eolusn and then eluted vith e linear gradient ef CAM 
to 40&H KaCl at a flow rate ef 4 Al/sin. fractions vera 
assayed using an JL& vitro i-jaune complex kinase assay vith 
5 10* of the appropriate DEME fraction (1 column purified 

material) er 1% ef the appropriate C18 fractions (tvo eolunn 
purified material) • The activity vhieh increased the 
tyrosine kinase activity ef pl85e-neu in a dose-dependent 
x anner using the in vitro ixnune eonplex kinase assay vas 

20 eluted as one dominant peak across 4 to 5 fractions (36*40) 
around 220 to 240 &M ef N&C1. After EPLC-DEAE purification, 
the proteins in the active fractions vere concentrated and 
pooled, concentrated and subjected to CIS (Billion satrix) 
reverse phase chro&atography (Waters, Inc., Hilford, KA) 

15 (referred to as the C16+1 step or tvo eolunn purified 

raterial) • Ilution vas performed under a linear gradient ef 
2-propanol against 0.1% TFA. All the fractions vere 
dialyzed egainst KPKI 1640 aedius. to reaove the 2-propanol 
and assayed using the in vitro isaune eo&plex kinase assay, 

20 described belov, and a II concentration of the appropriate 
fraction. The activity increasing the tyrosine kinase 
activity of plBSc-neu vas eluted in tvo peaks. One eluted 
in fraction 11-13, vhile a second, slightly less active peak 
of activity eluted in fractions 20-23. These tvo peaks 

25 correspond to around 5 to 7% ef isopropanol and 11 to 14% 
isopropanol respectively. C18/1 generated fractions 11-13 
vere used in the characterisation studies. Active fractions 
obtained from the second chromatographic step vere pooled, 
and designated as the proteinaceous substance sample. 

30 A twenty liter preparation employed the sane 

purification strategy. The DEXE active fractions 35-41 vere 
pooled and subjected to cl8 chromatography as discussed 
above. C1S/1 fractions 11-13 and 21-24 both had 



dose-dependent activity. The pool of fractions 11-13 was 
subjected to an additional C18 chromatographic step 
(referred to as C18#2 or three column purified material). 
Again, fractions 11-13 and 21-24 bad activity. The dose 
5 response of fraction 23 as determined by in XilTft immune 
cooplex kinase assay as described in fteaaple 8 »ey be 
obtained upon addition of 0.0051 by volume fraction 23 and 
0.051 by volume fraction 23. This represents the greatest 
purity achieved. 
ao Molecular weight ranges vere determined based on gel 

filtration chromatography and ultrafiltration membrane 
analysis. Hear eguai amounts of tyrosine kinase activity 
vere retained and passed by a 10,000 molecular veight cut 
off filter. Almost all activity vas passed by a 30,000 
15 molecular veight cut off filter. Molecular veight ranges 
for active chromatographic fractions vere determined by 
comparing fractions containing dose-depenflent meu-activating 
activity to the elution profiles of • »et of protein 
molecular veight standards (Sigma Chemical Co., St. Louis, 
20 K0) generated using the same running conditions. A low 
r-olecular veight region of activity vas identified between 
7,000 end 14.000 daltons. A second range of activity ranged 
from about 14,000 to about 24,000 daltons. 

After gel electrophoresis using a poly aery 1 amide 
25 gradient gel (Integrated Separation Systems, Hyde Park, KD 
or Phorecase System by Amersham, Arlington Heights, ZL), 
silver staining of the three-column purified material 
(C18/2) vas done vith * commercially available silver 
staining kit (BioRad, Rockville Centre. FY). Fraction 21. 
30 22 23. and 24 from cl8#2 purification of the twenty liter 
preparation vere run vith markers. Fractions 22 and 23 
shoved the most potent dose response in the IBB'*" (n.u) 
kinase assay (see belov). The fact that selected molecular 
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weight fractions interact vith i85 ,rbB2 was deaonstrated 
vith an iaaune eoaplex Xinase assay. 

Bueng at al. (1992, J. Biol. Ches. 257:11508-11512), 
hereby incorporated by reference, have isolated an 
5 additional neu/erb B2 ligand growth factor froa bovine 
Xidney. The 25 XD polypeptide factor was isolated by a 
procedure of eoluan fractionation, followed by sequential 
eoluan chroaatography. en DEAE/eeliulese (DE52) , Sulfadex 
(sulfated Sephadex G-50), heparin-Sepharcse 4B, and Superdex 
10 75 (fast protein liquid chroaatography). The factor, KEL- 
GF, stirulates tyros ine-speeifie autophosphorylation of the 
neu/erb B2 gene product. 

VIT. Triune complex essav vnt for Hoend binding to 
pigs erb E2 ; This essay reflects the differences in the 
15 autophosphorylation activity of iaaunoprecipitated pl85 

driven by pre-ineubatien of FH-XR6 cell lysate vith varying 
eaounts of ATL-2 conditioned aediua (C.H.) or proteinaceous 
substance and is referred to hereinafter as neu-ectivating 
activity. 

20 Cell lines used in the iaaune coaplex kinase assay 

vere obtained, prepared and cultured according to the 
aethods disclosed in Kokei et al.. Cell SJfc, 287-292 (July 
26, 19E9) the disclosures of which are hereby incorporated 
by reference as if fully set forth herein, and D.6. 

25 application serial nuaber 286,820 filed July 27, 1989 in the 
n&ae of KarX I. Green entitled •Kethpds of Treating 
Cancerous Cells with Anti-Receptor Antibodies", the 
disclosures of which are hereby incorporated by reference as 
if fully set forth herein. 

33 Cell lines were all maintained in DKEK aediua 

containing 5% FCS as the culture aediua (5% FCS-DKEK) at 
37 *C in a huaidified ataosphere vith 51 C0 2 . 
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Dunse cultures of cells in 150 as dishes vere washed 
twice vith cold PBS, scraped into 10 al of freeze-thav ^ 
buffer (150 aX Had, 1 aX HgClj, 80 aX Hepes, pH 7.2, 3,0% 
Glycerol, 1 sK £DTA, 1% Apretinin), and centrifuge* (600 x 
S 6, 10 ainutes). Cell pellets vere resuspended In 1 al Lysis, 
buffer (50 aX Hepes, pH 7.5, 150 aX KaCl, 3% Brij 35, 1 aM 
£DTA, 1.5 ax HgCl 2 , 1% Apretinin, 1 aK E5TA, 20 Ka a V0 4 , 
10* Glycerol) and rotated for thirty ainutes at 4*C. All 
ehesieals vere frea Sigaa Cheaieal Co., St. Louis, Ko, 
10 unless otherwise indicated. The insoluble aateriels vera 
removed by centrifugation at 40,000 x g for thirty ainutas. 
The clear supernatant vhich vas subsequently used is 
designated as cell lysate. 

The cell lysates vere incubated for fifteen ainutes 
15 vith 50 nl of 50% (voluae/voluae) Protein A-sepharose (Sigaa 
Cherical Co., fit. Louis, Kissouri), and centrifugated for 
tvo ainutes to preeiear the lysates. 50 #il aliquots ef 
precleared cell lysate vere incubated en ice for fifteen 
rinutes vith conditioned aediua, proteineeeous substance, or 
20 other factors as specified, in a final voluae of 1 al vith 
lysis buffer. The sasple vas then incubated vith 5 pg ef 
7.16.4 ronoclonal antibody, vhich recognites the 
extracellular doaain ef the pl85neu and pl85e-neu, or other 
appropriate antibodies, for twenty ainutes en ice, followed 
25 by a twenty ainute incubation vith 50 »l of 50% (vol/vol) 
protein A-Sepharose vith rotation at 4*C. Xaaune cosplaxas 
vere collected by centrifugation, vashed four tiaes vith 500 
111 of washing buffer (50 aX Hepes, pH 7.5, 0.1%, Brij 25, 
150 aX KaCl, 2 aX EDTA, 1% Aprentinin, 30 ua Ha A V0 4 ), than 
30 twice vith reaction buffer (20 aX Hepes (pH 7.4), 3 aX KnCl 2 
and 0.1% Brij 35, 30 |xa Ha A V0 4 ). Pellets vere resuspended 
in 50 til ©f reaction buffer and (Cacfia- 52 P}-ATP (toershaa, 
Arlington Heights, XL) vas added giving a final 
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concentration ef 0.2 jjb. The samples vere incubated at 27 *C 
for twenty ainutes or at 4*C for 25 zinutes vith purer 
samples. The reactions vere terminated by addition of 3 x 
SDS sample buffer containing 2 rX ATP and 2 »M EDTA and then 
5 Incubating then at 100'C for five sinutes. The ear pies vere 
then subjected to EDS-PACE analysis on 10% a cry 1 aside gels. 
Gels vere stained, dried, and exposed to Kodak XAR or XRP 
file vith intensifying screens. 

VZZZ. Purification ef acetylcholine receptor inducing 

10 activity (ARIA) 

ARIA, a 42 XD protein vhich stimulates acetylcholine 
receptor synthesis, has been isolated in the laboratory ef 
Gerald Fischbaeh (Falls et el., Cell 72:801-815 (1993)). 
ARIA induces tyrosine phosphorylation ef a 185 Kda suscle 

15 transmembrane protein vhich resembles pl85' rb82 f and 

stimulates acetylcholine receptor synthesis in cultured 
embryonic syotubes. Sequence analysis ef cDKA clones vhich 
encode AR2A shows that ARIA is a member ef the GSF/erbB2 
ligand group ef proteins, and this is potentially useful in 

20 the glial cell sitogenesis stimulation and ether 
applications of, e.g., GGF2 described herein. 

EXAMPLE 14 

Protein tyrosine phosphorylation media ted bv CSF in Schvann 
cells 

25 Rat Schwann cells, following treatment vith 

sufficient levels ef Clial Crowth Factor to induce 
proliferation, show stimulation ef protein tyrosine 
"phosphorylation (figure 36). Varying amounts ef partially 
purified CCF vere applied to a primary culture ef rat 

30 Schvann cells according to the procedure outlined in Example 
3. Schvann cells vere grown in DKEK/10% fetal calf serum/ 5 

- 96 - 



VY. forskolin/O.Sjig per «L &GF-CK (0.5&L per veil) in poly 
2-lysine coated 24 veil plttes*. Vhen confluent, the cells 
vere fed vith DKEK/10% fetal calf strum »t O.SaL per veil 
and left in the incubator overnight to quiesee. The 
5 following day, the cells vere fed vith 0.2bL ef DKEK/10% 
fetal calf itna and left in the incubator for 1 hour. Test 
sarples vere then added directly to the sedius at different 
concentrations and for different lengths ef tiae as 
required. The cells vere then lysed in boiling lysis buffer 

10 (scdiua phosphate, SaH, pH €.8; SDS, 2%, B-aereapteothanol, 
51; dithiothreitol,' 0.1K; glycerol, 101; Broaophenol Blue, 
0.4%; sodiua vanadate, 10&K), incubated in a boiling vatar 
bath for 10 ainutes and then either analyzed directly er 
frozen at -70 'C. Sa&ples vere analyzed by running on 7.5% 

15 EDS-PACE gels and then electroblotting onto nitrocellulose 
using standard procedures as described by Tovbin at al. 
(1979} Proe. Katl. Acad. Scl. VSk 76:4350-4354. The blotted 
nitrocellulose vas probed vith entiphosphotyrosine 
antibodies using standard »ethods as described in gasps and 

20 Selton (19E8) Oncogene 2:305-315. The probed blots vere 
exposed to autoradiography fila overnight and developed 
using a standard laboratory processor. Densitooetrie 
reasuresents vere carried out using an Ultra scan XL enhanced 
laser densitometer (LKB) . Molecular veight assignment* vere 

25 cede relative to prestained high solecular veight standards 
(Eigsa). The dose responses of protein phosphorylation and 
Schwann cell proliferation are very similar (figure 36). 
The eoleeular veight of the phosphorylated. band is very 
close to the aolecular veight of plB5 trbM . Sisilar results 

30 vere obtained vhen Schwann cells vere treated vith 

conditioned sedia prepared fros COS cells translates vith 
the GGF2KBS5 clone. These results correlate veil vith the 
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expected interaction of the OGFs with and activation of 
165 trbB2 # . . 

This eseperiaent has been repeated vith recombinant 
GSF-2X. Conditioned medium derived from a CHO eell line 
$ stably trans foraed vith the CSF-XX clone (GGF2BBS5) 

stimulates protein tyrosine phosphorylation using the assay 
described above. Hock transfected CEO cells fail to 
stimulate this activity (Fig. 52). 

10 Assey for Schvann cell Prollf eratlon bv Protein Faetor from 
the KPX-ttB-231 eell Hr>e. 

Schvann cell proliferation is aediated by 
conditioned medium derived froa the human breast cancer eell 
line KDA-XB-231. On day 1 of the assay, 10* primary rat 

15 Schvann cells were plated in 100 pi of Dulbecco's Modified 
£&gle's medium suppleaented vith SI fetal bovine plasma par 
veil in a 96 veil ricrotiter plate. On day 2 of the assay, 
10 of conditioned medium (froa the husan breast cancer 
cell line KDA-XB-231, cultured as described in Example €) 

20 vas added to each veil of the aicrotiter plate. One day 6, 
the number of Schvann cells per plate vas determined using 
an acid phosphatase assay (according to the procedure ef 
Connolly et al. Anal. Biochea. 112: 136 (1986)). The plate 
vas vashed vith 100 fi\ of phosphate buffered saline (PBS) 

25 and 100 #il of reaction buffer (0.1K sodium acetate, (pE 

5.5)), o.lt Triton X-100, and 10 rJi p-nitrophenyl phosphate) 
vas added per veil. The plate vas incubated at 37 *C for tvo 
hours and the reaction vas stopped by the addition of 10 pi 
of IK KaOH. The optical density ef each sample vas read in 

30 a spectrophotometer at 410 na. A 381 stimulation of cell 
number over Schwann cells treated vith conditioned medium 
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froo a control cell line (HS-294T, ft non-producer of erbB-2 
. ligand) vas observed. This result shove that ft pretein 
secreted by the KDA-XB-231 cell line (which secretes a 
plE5 trbB2 b i naing activity) stimulates Schwann cell 
5 proliferation. 

EXEMPLI If 

K-olvcosvlatlen ef egf 

The protein sequence predicted froa the eDNA 
sequence of GGF-2X candidate clones GGF2BF?1,2 and 3 
contains a number ef consensus H-glycosyletion aotifs. A 
gap in the CGF2I02 peptide sequence coincides with the 
asparagine residue In one cf these aotifs, indicating that 
carbohydrate is probably bound at this site. 

K-glycosylation of the GGFs vas studied by observing 
robility changes en EDS-PAGE after incubation with N- 
glycanase, an enryae that cleaves the eovalent linkages 
between carbohydrate and aspargine residues in proteins. 

K-Glycanase treatment ef GGF-XX yielded a aajor band 
of kw 40-42 kDa and a sinor band at 45-48 XDa. Activity 
elution experiments under non-reducing conditions shoved a 
single active deglycosylated species at ea 45-50 XDa. 

Activity elution experisents with GGF-I also 
demonstrate an increase in electrophoretic mobility vhen 
treated vith K-Slycanase, giving an active species of KW 26- 
26 kDa. Silver staining confined that there is a nobility 
shift, although no N-deglycosylated band could be assigned 
because of background staining in the sasple used. 

Deposit 

Kucleic acid encoding GGF-ZI (eDNA, CGF2HBS5) 
20 protein (Exanple 6) in a pi a sir id pBluesoript 5k, under the 
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control of the T7 preaoter, vas deposited In the Aaerican 
Type Culture Collection, Jloekville, Karyland, on September 
2, 1992, and given XTCC Accession Ho. 75298. Applicant 
acknowledges its responsibility to repleee this plasaid 
5 should it beeoae non-viable before the and of the tera of a : 
patent issued hereon, and its responsibility to notify the 
ATCC of the issuance of such a patent, at which time the 
deposit vill be Bade available to the public Prior to that 
tise the deposit vill be Bade available to the Co&aissionar 
10 of Patents under the terms of 37 CFR $1.14 and 35 USC $112. 
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